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HOW TO USE THE 1993 NEW RELEASES DATA BOOK 


Maxim's 
1993 New Releases Data Book (Vol. II) brings 
together over 170 new devices from 11 product groups in a 
single, easy-to-use "Design-Guide" 
format. 
Each product 
group section contains: 
(1) Data sheets for all products in 
the group (2) Product tables and trees. 


If, after reviewing this information, you need samples for 
further evaluation, all you need to do is fill out and send one 
of the sample request cards at the front of the book or call 
1-800-998-8800 for prompt fulfillment. 


There are several ways to locate a specific product or product 
group: 
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'ntroduction 


Maxim Integrated 
Products 
designs, 
develops, 
manufac- 
tures and markets a broad range of linear and mixed-sig- 
nal integrated 
circuits (ICs) for use in a variety of electronic 


products. 
These ICs "connect" the real (analog) 
world to 
the 
digital 
world. 
They 
detect, 
measure, 
amplify 
and 


convert real-world 
signals, such as temperature, 
pressure 


or sound, 
into digital 
signals 
a computer 
can process. 


Over the past 9 years, 
Maxim 
has introduced 
over 500 


analog 
ICs - more than any other company. 


Maxim is committed 
to meeting 
the needs of the industry 


through 
aggressive 
product 
development 
and superior 


quality. 
Our product 
lines include: 
microprocessor 
su- 
pervisory 
circuits, 
data converters, 
references, 
RS-232 
interface 
circuits, 
amplifiers, 
power-control 
circuits, 


timers 
and 
counters, 
display 
circuits, 
multiplexers, 


switches, 
voltage 
detectors 
and analog 
filters. 
Recog- 


nizing 
the growing 
demand 
for BiCMOS, 
the emerging 


technology 
of the future, 
Maxim 
has focused 
increas- 


ingly 
on CMOS- 
and 
BiCMOS-based 
products. 
These 


circuits 
are 
marketed 
worldwide, 
principally 
through 
distributors 
and 
independent 
sales 
representatives, 
and 
are 
available 
in several 
different 
packages 
and 


temperature 
ranges 
to meet varying 
customer 
require- 


ments. 
_________ 
New Re'eases 


During the past year, Maxim has released 
more than 70 
new devices. 
These and other older but unique 
Maxim 


products 
are collected 
into this new data book. 
We hope 
this will give you quick access to "what is new and exciting 
from 
Maxim." 
Older 
products 
and 
some 
recently 
intro- 


duced 
second-source 
products 
do not appear 
in this 
book, but are identified 
in the Table of Contents 
and the 
Index. 
Free samples 
and data sheets for these products 


are available 
from 
your 
local 
sales 
representative, 
or 


directly 
from the factory 
by calling 
1-800-998-8800. 


Customer Service 


This year, Maxim 
introduced 
a toll-free 
service 
number 
and 
a credit-card 
payment 
program. 
Ordering 
free 


samples 
and literature 
is easy - just call 1-800-998-8800. 


And, you can order evaluation 
kits or a small quantity 
of 


parts using your VISA or MasterCard. 


Customer 
service 
representatives 
are available 
during 


normal business 
hours to provide 
you with information 
on 


orders 
placed 
directly 
with the factory 
or by any of our 


franchised 
distributors. 
Please see the Appendix 
for a list 


of domestic 
and international 
sales representatives 
and 


distributors. 
_______ 
Technica' Support 


The technical 
literature in this volume discusses 
the opera- 


tion and applications 
of Maxim products 
as they apply to 


design problems. 
In addition to the individual 
data sheets 


in this book, Maxim offers a full-line Integrated Circuits Data 
Book, a High-Reliability 
Products 
Data Book, an Applica- 


tions and Product Highlights 
Book, and a free subscription 


to the Maxim Engineering 
Journal 
- a quarterly 
magazine 


covering 
the application 
of Maxim analog ICs. 
For on-line 


technical 
support, 
you can talk with a senior applications 


engineer at (408) 737- 7600 extension 4000 or FAX in your 
questions 
at (408) 736-1831. 


___________ 
Re'iabi'ity 


Maxim's 
mission 
is to provide 
reliable, 
innovative 
analog 


ICs that solve customer 
problems. 
Our programs 
offering 


complete 
lot 
traceability, 
life 
test, 
and 
humidity 


life 
qualification 
are 
unique 
in the 
industry. 


Informati()() 
furnished 
by Maxim 
Integrated 
Products 
is believed 
to be accurate 
and reliable. 
However, 
the company 
cannot 
assume 
responsibility 
for use of 


any circuitry 
other than circuitry 
entirely 
embodied 
in a Maxim 
product; 
nor for any infringements 
of palenls 
or other rights 
of third parties 
that may result 
from 


its use. No license is granted 
by implication 
or otherwise 
under any patent or patent rights of Maxim Integrated 
Products. 
Maxim reserves 
the right to change 


the circuitry 
and specifications 
without 
notice. 


Ufe Support 
Policy: 
Maxim 
does not authorize 
or warrant 
any Maxim 
product 
for use in life support 
devices 
and/or 
systems 
without 
the express 
written 
approval 


of an officer 
of Maxim 
Integrated 
Products, 
Inc. 
Life support 
devices 
or systems 
are devices 
or systems 
which, 
(i) are intended 
for surgical 
implant 
into the 
body 
or (ii) support 
or sustain 
life, and 
whose 
failure 
to perform, 
when properly 
used 
in accordance 
with instructions 
for use provided 
in the labeling, 
can be 
reasonably 
expected 
to result 
in significant 
injury 
to the user. 


Products 
in this book 
may be covered 
by one or more of the patents 
listed 
below. 
Additional 
patents 
are pending. 


4,700,286,4,679,134,4,636,930,4,859,963, 
4,857,778, 
4,897,774, 
4,797,899, 
4,806,875, 4,847,522, 
4,812,891, 
4,809,152,4,801,888,4,797,569,4,777,580, 


4,777,577,4,859,963, 4,999,76t, 4752700. 


© 1992 Maxim 
Integrated 
Products. 
All rights 
reserved. 
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Analog Multiplexers!Switches 
MAX310 
CMOS RFNideo Multiplexers, 
, , , , , , , , 
92NR 
MAX311 
CMOS RFNideo Multiplexers 
92NR 
MAX326 
Quad, SPST,Ultra-Low Leakage, CMOS Analog Switches 
92NR 
MAX327 
Quad, SPST,Ultra-Low Leakage, CMOS Analog Switches 
92NR 
MAX328 
Ultra-Low Leakage Monolithic CMOS Analog Multiplexer 
92NR 
MAX329 
Ultra-Low Leakage Monolithic CMOS Analog Multiplexer 
92NR 
MAX331 
Quad SPSTNormally Closed CMOS Analog Switch 
.oS 


MAX332 
Quad SPSTNormally Open CMOS Analog Switch 
DS 


MAX333 
Quad SPDTCMOS Analog Switch 
DS 
MAX334 
High Speed Break-Before-Make Quad SPSTAnalog Switch 
DS 
MAX358 
Fault Protected 8 Channel Multiplexer 
92NR 
MAX359 
Fault Protected Differential 4 Channel Multiplexer 
92NR 
MAX368 
Fault Protected 8 Channel Latched Multiplexer 
92NR 
MAX369 
Fault Protected 8 Channel Latched Multiplexer 
92NR 
MAX378 
High Voltage, Fault-Protected Analog Multiplexer 
92NR 
MAX379 
High Voltage, Fault-Protected Analog Multiplexer 
92NR 


MAX388 
High-Voltage, Fault-Protected Analog MUltiplexer 
1-7 


MAX389 
High-Voltage, Fault-Protected Analog Multiplexer 
1-7 


MAX440 
8-Channel, High-Speed Video MUltiplexer/Amplifier 
8·5 


MAX441 
4-Channel, High-Speed Video MUltiplexer/Amplifier 
8-5 


MAX442 
2·Channel, 140MHz, Video Multiplexer/Amplifier 
8-17 
MAX453 
2 Channel 50MHz Video Multiplexer/Amplifier 
92NR 


MAX454 
4 Channel 50MHz Video Multiplexer/Amplifier 
, 
, 
92NR 


MAX455 
8 Channel 50MHz Video Multiplexer/Amplifier 
92NR 


MX7501 
Low-Power, Monolithic, CMOS Analog Multiplexer 
.oS 
MX7502 
Low-Power, Monolithic, CMOS Analog Multiplexer 
DS 
MX7503 
Low-Power, Monolithic, CMOS Analog Multiplexer 
DS 
MX7506 
Monolithic CMOS Analog Multiplexer 
DS 


MX7507 
Monolithic CMOS Analog Multiplexer 
.oS 


DG200/A 
Dual SPDTCMOS Analog Switch 
.oS 


DG201/A 
Quad SPSTNormally Closed CMOS Analog Switch 
.oS 


DG202 
Quad SPSTNormally Open CMOS Analog Switch 
.oS 
DG211 
Quad SPSTNormally Closed CMOS Analog Switch 
DS 
DG212 
Quad SPSTNormally Open CMOS Analog Switch 
DS 
DG300/A 
TIL Compatible CMOS Analog Switch 
DS 
DG301/A 
TIL Compatible CMOS Analog Switch 
.oS 


DG302/A 
TIL Compatible CMOS Analog Switch 
DS 
DG303/A 
TIL Compatible CMOS Analog Switch 
.oS 
DG304/A 
CMOS Analog Switch 
, 
.oS 


DG305/A 
CMOS Analog Switch 
.oS 


• Advance Information 
- first page of data sheet in preparation. 
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DG306/A 
DG307/A 
DG308A 
DG309 
DG381/A 
DG384/A 
DG387/A 
DG390/A 


DG401 


DG403 


DG405 


DG406 
DG407 


DG408 


DG409 


DG411 


DG412 


DG413 


DG417 


DG41S 


DG419 


DG421 


DG423 


DG425 


DG441 


DG442 


DG444 


DG445 
DG506A 
DG507A 
DG50BA 
DG509A 
HI-SOB 
HI-50BA 
HI-S09 
HI-509A 
IH5040 
IH5041 
IHS042 
IH5043 
IH5044 


CMOS Analog Switch 
DS 


CMOS Analog Switch 
.................................................•........... 
DS 


Quad SPST Analog Switch 
DS 


Quad SPST Analgo Switch 
DS 


General Purpose CMOS Analog Switch 
DS 


General Purpose CMOS Analog Switch 
DS 


General Purpose CMOS Analog Switch 
DS 


General Purpose CMOS Analog Switch 
DS 


Dual High-Speed 
Analog 
Switches 
" 
" . 1-19 


Dual High-Speed 
Analog Switches 
1-19 


Dual High-Speed 
Analog Switches 
1·19 


16-Channel, 
High-Performance, 
CMOS Analog 
Multiplexer 
1-25 


Dual, o-Channel, 
High-Performance, 
CMOS Analog 
Multiplexer 
1·25 


S-ehannel, 
Hlgh·Performance, 
CMOS Analog 
Multiplexer 
1-31 


Dual, 4-Channel, 
High-Performance, 
CMOS Analog Multiplexer 
1·31 


Quad SPST Precision 
Analog Switches 
1·37 


Quad SPST Precision 
Analog Switches 
.. . . . . . . .. . . . . . . . . . .. . . . . .. . . . . .. . . . 1-37 


Quad SPST Precision 
Analog Switches 
1-37 


Precision 
MlnlDIP Analog 
Switches 
1-43* 


Precision 
MlnlDIP Analog 
Switches 
1-43* 


Precision 
MlnlDIP 
Analog Switches 
1-43* 


Dual CMOS Analog 
Switches 
1-45* 


Dual CMOS Analog 
Switches 
1-45* 


Dual CMOS Analog 
Switches 
1-45* 


Quad SPST Analog Switches 
1-47 


Quad SPST Analog Switches 
1-47 


Quad SPST Analog Switches 
............•....................................... 
1-53 


Quad SPST Analog Switches 
1-53 


16 Channel CMOS Analog Multiplexer 
DS 


Differential 8 Channel CMOS Analog Multiplexer 
.oS 


8 Channel CMOS Analog Multiplexer 
.oS 


Differential 4 Channel CMOS Analog Multiplexer 
.oS 


8 Channel CMOS Analog Multiplexer 
.oS 


Fault Protected 8 Channel Multiplexer 
92NR 


Differential 4 Channel CMOS Analog Multiplexer 
DS 


Fault Protected Differential 4 Channel Multiplexer 
92NR 


SPST Normally Open CMOS Analog Switch 
DS 


Dual SPST Normally Open CMOS Analog Switch 
DS 


SPDT CMOS Analog Switch 
DS 


Dual SPDT CMOS Analog Switch 
DS 


DPST Normally Open CMOS Analog Switch 
, 
, 
.oS 


• Advance Information 
- first page of data sheet In lJeparation. 
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IH5045 
Dual DPSTNormally Open CMOS Analog Switch .,., 
, 
, 
DS 
IH5047 
4PST750 High-Level CMOS Analog Switch 
"., 
,., 
.. " 
, 
, 
', 
, .DS 
IH5048 
Low Charge Injection Dual SPSTNormally Open Analog Switch, , , .. , , , 
, , , , 
, , , , 
, .. DS 
IH5048A 
Low Charge Injection Dual SPSTNormally Open Analog Switch .. , , . , 
, , , 
, , 
, , 
DS 
IH5049 
Low Charge Injection Dual DPSTNormally Open Analog Switch 
""" 
.. ,." 
.. ,., 
" 
.oS 
IH5050 
Low Charge Injection SPDTAnalog Switch ., 
""" 
"" 
" 
" 
", 
.. .oS 
IH5051 
Low Charge Injection Dual SPOTAnalog Switch 
, , , , , 
, , , , 
, , . , 
, , 
, . , .... 
DS 
IH5108 
See MAX358 , , , , , , . , ... 
, , , , , , ..... 
, , , . , 
, , , , , 
, , , , , . , .. , , .. , . , , , , .. , , , . 92NR 
IH5140 
Low Power Fast SPSTNormally Open CMOS Analog Switch. 
, , , , , , 
, , , 
, , 
, , , , . , , .oS 
IH5141 
Low Power Fast Dual SPSTNormally Open CMOS Analog Switch " 
"' 
,, 
,,' 
, ,DS 
IH5142 
Low Power Fast SPOTCMOS Analog Switch 
, , , , 
, , , , 
, , , , 
, , 
, .oS 
IH5143 
Low PowerFastDualSPDTCMOSAnalog Switch 
, 
, .. , 
, 
, 
, , .. ,DS 
IH5144 
Low Power Fast DPSTNormally Open CMOS Analog Switch 
""." 
" 
" 
" ... DS 
IH5145 
Low Power Fast Dual DPSTNormally Open CMOS Analog Switch, 
. , . , , , .. , , , 
, , 
, , .. .oS 
IH5341 
Dual SPSTNormally Open RFNideo Switch .. , , . , , , , , , , , 
, , , , , .... 
, , , , , .. , , , 
, . , ,OS 
IH5352 
Quad SPSTNormally Open RFNideo Switch 
, , , , , , 
, , , , . , .. , , 
, 
, 
, .oS 
IH5208 
See MAX359 ..... 
, . , . , , , , , , ..... 
, , , 
, , . , , , , , . , .. , .. , , , , 
, , 
, , 
, , .. , , .oS 
IH6108 
See DG508A .. , . , . , , , , , , , , , .. , .. , , 
, , . , , .....• 
, , , , 
, , 
, . , .. , , , .. , , .oS 
IH6116 
See DG506A, 
' ,. ,'., 
,.' 
' 
" ,'.' 
, 
" " 
, " 
, 
' " .... 
,OS 
IH6208 
See DG509A 
, , . , , 
,. , , , 
, , , , , , 
, , .' , 
, , , 
, 
, , , , .. , . ,OS 
IH6216 
See DG507A .. ' , .. , , , , , .. , . , . , , . ' 
, , , , , . , , 
, , , , , . , , . , , , 
, , , , . , , , , , .. , , .DS 
Interface Products 
MAX200 
+SV RS-232 Transceiver with 0.1j!f External Capacitors 
2-3- 
MAX202 
+SV R5-232 Transceiver with 0.1j!f External Capacitors 
2·3- 
MAX203 
+SV R5-232 Transceiver with 0.1j!f External Capacitors 
2-3- 
MAX204 
+SV RS-232 Transceiver with 0.1j!f External Capacitors 
2-3- 


MAX20S 
+SV RS-232 Transceiver with 0.1j!f External Capacitors 
2·3- 
MAX206 
+SV R5-232 Transceiver with 0.1j!f External Capacitors 
2-3- 


MAX207 
+SV R5-232 Transceiver with 0.1j!f External Capacitors 
2-3- 
MAX208 
+SV R5-232 Transceiver with 0.1j!f External Capscltors 
2-3- 
MAX210 
+SV R5-232 Transceiver with 0.1j!f External Capacitors 
2-3- 
MAX211 
+SV R5-232 Transceiver with 0.1j!f External Capacitors 
2-3- 
MAX220 
High-Speed +SV·Powered RS-232 DrlveralReceivers 
2·7 
MAX222 
High-Speed +SV·Powered RS·232 DrlveralReceivers 
2-7 
MAX223 
+SV R5-232 Transceiver with Two Receivers Active In Shutdown 
2-43 
MAX230 
+SV Powered, Five RS-232 Transmitters with Power Shutdown 
2·7 
MAX231 
+SV and +12V Powered, Dual RS-232 Transmitters and Receivers 
2·7 
MAX232 
+SV Powered, Dual RS-232 Transmitters and Receivers 
2·7 
MAX232A 
High-Speed +SV·Powered, Dual RS-232 Transmitters and Receivers 
2·7 
MAX233 
No External Component +SV Powered, Dual RS-232 Transmitters and Receivers 
2·7 
MAX233A 
Hlgh·Speed, No External Component +SV Powered, Dual RS-232 Trans. & Receivers 
2·7 


• Advance Information 
- first page of dala sheet In preparation. 
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Call toll free 1-800-998-8800 
for free samples or literature. 
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+5Y Powered, Quad RS·232 Transmitters 
2·7 


No External Component +5Y Powered, Five R5-232 Transmitters and Reclevers 
2-7 


with Power Shutdown and Receiver Three-State Enable 
+5 Powered, Four RS-232 Transmitters and Three R5-232 Reclevers 
2-7 


with Power Shutdown and Receiver Three-State Receiver Enable 
+5Y Powered, Five R5-232 Transmitters and Three R5-232 Receivers 
2-7 


+5Y Powered, Quad R5-232 Transmitters and Receivers 
2-7 


+5Y and +12Y Powered, Three R5-232 Transmitters and Five RS-232 Reclevers 
2-7 


with Three-State Receiver Enable 
+5Y Powered, Four RS·232 Transmitters, Five Receivers with Power Shutdown 
2·7 


and Receiver Three-State Enable In 28 Pin Small Outline 
+5Y Powered, Four RS-232 Transmitters, Five Receivers with Power Shutdown 
2-43 


and Receiver Three-State Enable In 28 Pin Small Outline 
MAX242 
High-Speed +5Y·Powered RS-232 Drivers/Receivers 
2-7 


MAX243 
High-Speed +5Y-Powered RS-232 Drivers/Receivers 
2-7 


MAX244 
+5Y Powered MultloChannelRS·232 Drivers/Receivers 
2-7 


MAX245 
+5Y Powered MultloChannelR5-232 Drivers/Receivers 
2-7 


MAX246 
+5Y Powered MultioChannelR5-232 Drivers/Receivers 
2-7 


MAX247 
+5Y Powered Multi-Channel RS-232 Drivers/Receivers 
2-7 


MAX248 
+5Y Powered Multi-Channel RS·232 Drivers/Receivers 
2-7 


MAX249 
+5Y Powered Multi-Channel RS·232 Drivers/Receivers 
2-7 


MAX250 
+5V Powered Isolated RS-232 Drivers/Receivers 
92NR 
MAX251 
+5V Powered Isolated RS-232 Drivers/Receivers 
92NR 
MAX252 
Complete +5V-Powered Isolated Dual RS-232Transceiver Module 
92NR 


MAX560 
+3.3Y Transceiver with Two EIAITIA-562 Receivers Active In Shutdown 
2·53 


MAX561 
+3.3Y Transceiver with Two EIAITIA·562 Receivers Active In Shutdown 
2-53 


Op Amps/BufferslComparators 
MAX400 
Ultra Low Offset Operational Ampllifier 
DS 


MAX402 
High-Speed. Low-Power Op Amp 
92NR 


MAX403 
High-Speed. Low-Power Op Amp 
92NR 


MAX404 
Video Operational Amplifier 
DS 


MAX405 
Precision Video Buffer Amplifier 
: 
92NR 


MAX406 
Ultra-Low Power CMOS Operational Amplifier 
3-5 


MAX407 
1.2l!A Max, Dual, Single-Supply Op Amp 
3·5 
MAX408 
High-Speed. High Output Current Op Amp 
DS 


MAX409 
1.2~ 
Max,l50kHz, Single-Supply Op Amp 
OS 


MAX410 
Single, 28MHz, Low-Noise, Low-Yoltage, Precision Op Amp 
3-17* 


MAX412 
Dual, Low-Noise, Low-Yoltage Precision Op Amp 
3-21 


MAX414 
Quad, 28MHz, Low-Noise, Low-Yoltage, Precision Op Amp 
3-17* 
MAX420 
±15V Chopper Stabilized Operational Amplifier 
.oS 
MAX421 
±15V Chopper Stabilized Operational Amplifier 
.oS 
MAX422 
Low Power, ±15V Chopper Stabilized Operational Amplifier 
.oS 


• Advance Information - first page ot data sheelln preparation. 
jv 


MAX234 
MAX235 


MAX237 
MAX238 
MAX239 


Call toll free 1-800-998-8800 
for free samples Drliterature. 
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MAX423 


MAX428 


MAX430 


MAX432 


MAX435 


MAX436 


MAX438 


MAX439 
MAX440 


MAX441 
MAX442 


MAX448 


MAX450 


MAX451 


MAX452 


MAX453 


MAX454 


MAX455 


MAX456 


MAX457 


MAX460 


MAX480 
MAX51'6 


MAX900 


MAX901 


MAX902 


MAX903 


MAX905 


MAX906 


MAX907 


MAX910 


MAX911 


MAX9685 


MAX9686 


MAX9687 


MAX9690 


MAX9698 


MX3554 


BB3553 


BB3554 


ICl7611 


low 
Power, ±15V Chopper 
Stabilized 
Operational 
Amplifier 
DS 


Dual High-Speed, 
High Output 
Current Op Amp 
DS 


±15V Chopper 
Stabilized 
Operational 
Amplifier 
.oS 


low 
Power, ±15V Chopper 
Stabilized 
Operational 
Amplifier 
.oS 


250MHz 
Wldeband 
Transconductance 
Amplifier 
8·3" 


250MHz 
Wldeband 
Transconductance 
Amplifier 
8·3" 


High-Speed, 
Mlcropower 
Op Amp 
3-31" 


High-Speed, 
Mlcropower 
Op Amp 
3-31" 


8-ehannel, 
High-Speed 
Video MUltiplexer/Amplifier 
8-5 


4-ehannel, 
High-Speed 
Video Multiplexer/Amplifier 
8-5 


2-ehannel, 
140MHz, 
Video Multiplexer/Amplifier 
8-17 


Quad High-Speed, 
High Output 
Current Op Amp 
90NR 


10MHz CMOS Video Amplifier 
.oS 


low 
Bias Current 
10MHz Video Ampllifier 
.oS 


50MHz Video Amplifier 
92NR 


2-Channel 
50MHz Video Multiplexer/Amplifier 
92NR 


4-Channel 
5OMHzVideo 
Multiplexer/Amplifier 
92NR 


8-Channel 
50MHz Video Multiplexer/Amplifier 
92NR 


8x8 Crosspoint 
Video Switch 
8-21 


Dual 70MHz Video Amplifier 
92NR 


High Accuracy 
Fast Buffer 
DS 


High-Precision, 
low-Voltage, 
Micropower 
Op Amp 
92NR 


Quad, 
DAC-Programmed 
CMOS Comparators 
3·35 


Quad High-Speed, 
low-Power 
Voltage 
Comparator 
92NR 


Quad High-Speed, 
low-Power 
Voltage 
Comparator 
92NR 


Dual High-Speed, 
low-Power 
Voltage 
Comparator 
92NR 


Single High-Speed, 
low-Power 
Voltage 
Comparator 
92NR 


High-Speed, 
Clocked 
D - Flip Flop, ECl 
Voltage 
Comparator 
3-41 


Dual High-Speed, 
Clocked 
D - Flip Flop, ECl 
Voltage 
Comparator 
3-41 


High-Speed, 
Ultra-low 
Power, Single 
+5V, Dual TTl 
Comparator 
3·53" 


High-Speed, 
Threshold-Programmable 
Voltage 
Comparator 
3-57 


High-Speed, 
Threshold-Programmable 
Voltage 
Comparator 
3-57 


Ultra-Fast 
ECl 
Output 
Comparator 
with latch 
Enable 
.oS 


Very Fast TIl 
latched 
Output 
Comparator 
DS 


Dual Ultra-Fast 
ECl 
Output 
Comparator 
DS 


Ultra-Fast 
ECl 
Output 
Comparator 
DS 


Very Fast TIl 
latched 
Output 
Comparator 
.oS 


Wideband, 
Fast-Setting 
Operational 
Amplifier 
.oS 


Very Fast Buffer Amplifier 
...................................................•..... 
.oS 


Wideband, 
Fast Setting Operational 
Ampllifier 
DS 


low 
Power, Single Operational 
Amplifier 
.oS 
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ICL7612 
Low Power, Single Operational Amplifier 
DS 
ICL7614 
Low Power, Single Operational Amplifier 
DS 
ICL7616 
Low Power, Single Operational Amplifier 
DS 
ICL7621 
Low Power, Dual Operational Amplifier 
DS 
ICL7622 
Low Power, Dual Operational Amplifier 
...................•...........•.....•......... 
DS 
ICL7631 
Low Power,Triple Operational Amplifier 
DS 
ICL7632 
Low Power,Triple Operational Amplifier 
DS 
ICL7641 
Low Power, Quad Operational Amplifier 
.oS 
ICL7642 
Low Power, Quad Operational Amplifier ....................................•........ 
.oS 
ICL7650!B 
Chopper Stabilized Operational Amplifier 
.oS 
ICL7652!B 
Chopper Stabilized Operational Amplifier 
.oS 
LHOO33!A 
Fast Buffer Amplifier 
.oS 
LHOO63 
Very Fast Buffer Amplifier 
.oS 
LH0101 
Power Operational Amplifier 
.oS 
LT1001 
Low Offset Operational Amplifier 
.oS 
LT1028 
Ultra-Low Noise, High-Speed, Precision Op Amp 
.oS 
OP07 
Precision Operational Amplifier 
.oS 
OpgO 
Precision Low Voltage Micropower OpAmp 
.oS 
PGA100 
Programmable Gain Amplifier 
OS 
Power-Supply 
Circuits 


MAX1044 
Swltched-Capacltor Voltage Converter with Frequency Boost 
4-141· 
MAX4193 
CMOS Micropower Step-Up Switching Regulator 
92NR 
MAX4391 
CMOS Micropower Inverting Switching Regulator 
92NR 
MAX4420 
Single High-Speed 6A MOSFETDriver (Noninverting) 
.oS 
MAX4426 
Dual High-Speed 1.5A MOSFETDriver (Inverting) 
.oS 
MAX4427 
Dual High-Speed 1.5A MOSFETDriver (Noninverting) 
.oS 
MAX4428 
Dual High-Speed 1.5A MOSFETDriver (Inverting & Noninverting) 
DS 
MAX4429 
Single High-Speed 6A MOSFETDriver (Inverting) 
.oS 
MAX600 
Low Cost AC-DC Regulator(110!220VAC to 5VDC--FullWave) 
.oS 
MAX601 
Low Cost AC-DC Regulator (110!220VAC to 5VDC--Half Wave) 
DS 
MAX602 
Low Cost AC-DC Regulator (8V RMSto 5VDC--Full Wave) 
.oS 
MAX61a 
AC-DC Regulator (110!220VAC to 5VDC--FullWave) 
.oS 
MAX611 
AC-DC Regulator (110!220VAC to 5VDC--Half Wave) 
DS 
MAX612 
AC-DC Regulator (8V RMSto 5VDC--FullWave) 
DS 
MAX620 
Quad, High-Side MOSFETDrivers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92NR 
MAX621 
Quad, High-Side MOSFETDrivers with Intemal Capacitors 
92NR 
MAX622 
High-Side Power Supplies 
92NR 
MAX623 
High-Side Power Supplies with Intemal Capacitors 
92NR 
MAX625 
Quad, High-Side Power Switch with Internal FETs and Capaclto.rs 
4-7 
MAX626 
Dual Power MOSFETDriver (Inverting) 
DS 
MAX627 
Dual Power MOSFETDriver (Noninverting) 
DS 
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MAX62B 
Dual Power MOSFETDriver(lnverting & Noninverting) 
.os 
MAX630 
CMOS Micropower Step-Up Switching Regulator 
92NR 


MAX631 
+5V/Adjustable CMOS Output Step-Up Switching Regulator 
92NR 


MAX632 
+12V/Adjustable CMOS Output Step-Up Switching Regulator 
92NR 
MAX633 
+15V/Adjustable CMOS Output Step-Up Switching Regulator 
92NR 


MAX634 
CMOS Micropower Inverting Switching Regulator 
92NR 
MAX635 
-5V/Adjustable Output CMOS Inverting Switching Regulator. . . . . . . . . . . . . . . . . . . . . . . . • . . . 92NR 


MAX636 
-12V/Adjustable Output CMOS Inverting SWitchingRegulator 
92NR 


MAX637 
-15V/Adjustable Output CMOS Inverting Switching Regulator 
92NR 


MAX63B 
+5V/Adjustable Output CMOS Step-Down Switching Regulator 
92NR 
MAX639 
High-Efficiency, +5V/AdJustable,Step-Down SwItching Regulator 
4·15 


~EVKrr 
Evaluation Kit for MAX639 
DS 


MAX641 
+5V/Adjustable Output 10WCMOS Switching Regulator Controller 
92NR 
MAX642 
+12V/Adjustable Output 10WCMOS Switching Regulator Controller 
92NR 
MAX643 
+15V/Adjustable Output 10WCMOS Switching Regulator Controller 
92NR 


MAX644 
Replaced by MAX654 
92NR 


MAX645 
Replaced by MAX655 
92NR 


MAX646 
Replaced by MAX656 
92NR 


MAX647 
Replaced by MAX657 
92NR 
MAX650 
-4BVInput to +5V Output Switching DC-DC Converter 
92NR 


MAX654 
Low-Voltage +5V Output Step-Up DC-DC Converter 
92NR 


MAX655 
Low-Voltage +5V Output Step-Up DC-DC Converter 
92NR 
MAX656 
Low-Voltage +5V Output Step-Up DC-DC Converter with External FET 
92NR 


MAX657 
Low-Voltage +3V Output Step-Up DC-DC Converter 
92NR 
MAX65B 
Low-Voltage +5V Output Step-Up DC-DC Converter with External FET 
92NR 


MAX660 
1OOmACMOS Switched-Capacitor Voltage Converter (1.5V to 5.5V) 
92NR 


MAX661 
+12V, 25mA Flash Memory ProgrammIng Supply Charge Pump 
4-23· 


MAX663 
CMOS +5V/Adjustable Micropower Positive Linear Regulator 
92NR 


MAX664 
CMOS -5V/Adjustable Micropower Negative Linear Regulator 
92NR 


MAX665 
100mA, +SV,CMOS, SwItched-CapacItor Voltage Converter (1.5V to SV) 
4·25 


MAX666 
CMOS +5V/Adjustable Micropower-Positive Linear Regulator with Low Battery Detect 
92NR 


MAX667 
+5V/Adjustable Low-Dropout Linear Regulator 
92NR 


MAX6BO 
+5V to ±10V Switched-Capacitor Voltage Converter 
92NR 


MAX6B1 
+5V to ±1OVSwitched-Capacitor Voltage Converter with Internal Capacitors 
92NR 


MAX712 
BaUery Faat-eharge Controller (NIMH) 
4-33· 


MAX713 
3-output Battery Fast-eharge Controller (NICad) 
4-33· 


MAX714 
6-output Battery·Powered Supply Systems 
4-35 


MAX715 
7-output Battery-Powered Supply Systems 
4-35 


MAX716 
Bauery-Powered Supply Systems 
4-35 


MAX716EVKrr Small ~P-Controlled Systems Supply Evaluation Kit 
DS 


MAX717 
+3.3V Palmtop Computer and Flash Memory Power·Supply,Regulator 
4-47· 
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MAX718 
+3.3Y/5Y Palmtop Computer and Flash Memory Power-Supply Regulator .•.•...••....•. 
4-47· 


MAX718EVKrr Palmtop & Flash Memory Power-Supply Evaluation Kit 
DS 


MAX719 
+3.0Y/5Y Palmtop Computer and Flash Memory Power-Supply Regulator ..••...•.....•. 
4-47· 


MAX720 
+3.3Y/5Y Palmtop Computer and Flash Memory Power-Supply Regulator ..••..••...•••. 
4-47· 


MAX721 
+3.0Y/5Y Palmtop Computer and Flash Memory Power-Supply Regulator .•••••••••••••• 
4-47· 


MAX722 
+3.3Y/5Y Palmtop Computer and LCD Power·Supply Regulator 
.•••...•••••••••••••••• 
4·49 


MAX722EVKITPalmtop Computer and LCD Driver Power-Supply Evaluation Kit ••••.•••....•....••... 
4·49 
MAX723 
+3.0Y Palmtop Computer and LCD Power-Supply Regulator •••.•.••.••....••....•...• 
4-49 
MAX724 
5A, Adj, Step-Down, PWM, Swltch·Mode DC-DC Converter 
••••••...•.•.•..••...•••..• 
4-65· 
MAX726 
2A, Adj, Step-Down, PWM, Switch-Mode DC-DC Converter 
.......•....••.••••••••••.• 
4-67· 


MAX727 
2A, +5Y, Step-Down, PWM Switch-Mode DC-DC Converter 
•••••...••••....••..••..••• 
4-67· 


MAX728 
2A, +3.3Y, Step-Down, PWM, Switch-Mode DC-DC Converter 
••.....••.•••••••••••..•• 
4-67· 


MAX729 
2A, +3.0Y, Step· Down, PWM, Swltch·Mode DC-DC Converter 
•.••••••••••••••••••...•. 
4·67· 


MAX730 
+5Y, Step-Down, Current·Mode PWM DC-DC Converter ..•........•.....••...•..••.•. 
4-69 


MAX731 
+5Y, Step-Up, Current·Mode, PWM DC-DC Converter .....•••..••.•••..••••.••••..••. 
4-81 
MAX731EVKrr Evaluation Kit For MAX731/MAX733 
DS 


MAX732 
+12Y, Step-Up, Current-Mode PWM DC-DC Converter 
..••••••.....•.....••..••....•. 
4-93 


MAX732EVKrr Flash Memory Power-Supply Evaluation Kit 
.oS 


MAX733 
+15Y, Step-Up, Current·Mode PWM DC-DC Converter 
••.•..•••••••••••..••.......•.. 
4-93 


MAX734 
+12Y,120mA Flash Memory Programming Supply •••••.•.••••.•••••..•••....•...•• 
4-105· 


MAX735 
·5Y,lnverterlng 
Currant-Mode PWM DC-DC Converter ..••.......••.....••..••.••••• 
4-109 
MAX735EVKrr Evaluation Kit for MAX735 
DS 


MAX736 
·12Y,lnvertlng, 
Current·Mode PWM DC-DC Converter 
..•••....••••....••••••••.•••• 
4·117 


MAX736EVKrr Evaluation Kit for MAX736 
OS 


MAX737 
-15Y,lnvertlng, 
Current·Mode PWM DC-DC Converter 
...••••.•.•.•..•••••••••••••.• 
4·117 


MAX738 
+5Y Step-Down Current-Mode PWM DC-DC Converter •..•.•••.•••••••..•••••••...••. 
4·69 
MAX738EVKrr Evaluation Kit for MAX730/MAX738 
OS 


MAX739 
·5Y Inverting Current-Mode PWM DC-DC Converter 
•.••.•••••••••...•.•••...••...•• 
4-117 
MAX739EVKrr Evaluation Kit for MAX736/MAX737!739!759 
DS 


MAX741 
Pin-Programmed, 
Low-Yoltage, Current-Mode PWM Controller 
.••••.•.•••••••••••••• 
4·129· 
MAX742 
Dual-Output, PWM,Switch-Mode Regulator (+5V to ±15Vor±12V) Controller 
92NR 
MAX743 
Dual-Output, PWM,Switch-Mode Regulator (+5V to ±15V or ±12V) 
92NR 


MAX743EVKrr Evaluation Kit for MAX743 
.oS 


MAX750 
Adjustable, Step-Down, Current·Mode PWM DC-DC Converter ••....••....•••........• 
4-69 


MAX751 
+5Y, Step-Up, Current·Mode, PWM DC-DC Converter •••••••.••..••••.•..•••.••••.•• 
4-137* 


MAX752 
Adjustable, Step-Up, Current-Mode PWM DC-DC Converter 
.••••...••.....••..••..... 
4-81 
MAX752EVKrr Evaluation Kit for MAX752 
.oS 


MAX755 
Adjustable, Negative-Output,lnvertlng, 
Current-Mode PWM DC-DC Converter •..•••••.• 
4-139· 


MAX758 
Adjustable, Step-Down, Current-Mode PWM DC-DC Converter ••...•..•.••.....•.•••.. 
4-69 


MAX758EVKrr Evaluation Kit for MAX750/MAX758 
DS 


MAX759 
Adjustable,lnvertlng, 
Current-Mode PWM DC-DC Converter ....••••....•....•.....•. 
4-117 
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MAXQXl1 
1f41F Low-ESRAluminum Electrolytic Capacitor 
92NR 
MAXLOO1 
100flH Toroid Inductor 
, 
92NR 
MXT429 
Single, High-Speed 6A MOSFETDriver (Invertering) 
DS 
ICL7660 
CMOS Switched-Capacitor Voltage Converter (Up to 10V Input) 
4-141* 


ICL7662 
CMOS Switched-Capacitor Voltage Converter (Up to 20V Input) 
.oS 


ICL7663 
Low Power, Adjustable-Output Positive Voltage Linear Regulator 
.oS 


ICL7664 
Low Power, Adjustable-Output Positive Voltage Linear Regulator 
DS 


ICL7667 
Dual Power MOSFETDriver (Inverting) 
DS 


Si7661 
CMOS Switched-Capacitor Voltage Converter (Up to 20V Input) 
.oS 
TSC426 
Dual Power MOSFETDriver (Inverting) 
, 
.oS 
TSC427 
Dual Power MOSFETDriver (Noninverting) 
.oS 
TSC428 
Dual Power MOSFETDriver (Inverting and Noninverting) 
.oS 


J.lp Supervisory 
Circuits 


MAX1232 
Microprocessor Monitor 
92NR 
MAX1259 
Battery Manager 
92NR 
MAX690 
MicroprocessorWatchdog/Ballery 
SwitchoverlReset Generator 
92NR 
MAX690A 
Microprocessor Supervisory Circuit 
5-3 


MAX691 
Microprocessor Watchdog/Battery SwitchoverlReset Generator 
92NR 
MAX691A 
Microprocessor Supervisory Circuit 
5·11* 


MAX692 
MicroprocessorWatchdog/Battery 
SwitchoverlReset Generator 
92NR 
MAX692A 
Microprocessor Supervisory Circuit 
5·3 


MAX693 
Microprocessor Watchdog/Battery SwitchoverlReset Generator 
92NR 
MAX693A 
Microprocessor 
Supervisory Circuit •••••..••.•........•••.............•••....••.. 
5·11* 


MAX694 
MicroprocessorWatchdog/Battery Switchover/Reset Generator 
92NR 
MAX695 
MicroprocessorWatchdoglBallery 
SwitchoverlReset Generator 
92NR 


MAX696 
Microprocessor Supervisory Circuit/Battery Switchover/Programmable Reset 
92NR 
MAX697 
Microprocessor Supervisory Circuit/Programmmable Reset 
92NR 


MAX698 
Low Cost Power-On Reset 
92NR 


MAX699 
Low Cost Power-On Reset and Watchdog Controller 
92NR 


MAX700 
Power-Supply Monitor with Reset 
92NR 
MAX701 
Power-Supply Monitor with Reset 
92NR 
MAX702 
Power-Supply Monitor with Reset .............................•...........•....... 
92NR 
MAX703 
Low-Cost, flP Supervisory Circuit 
5-13* 


MAX704 
Low-Cost, flP SuperVisoryCircuit 
5-13* 


MAX705 
Low-Cost, flP Supervisory Circuit 
5-15 


MAX706 
Low-Cost, flP Supervisory Circuit 
5·15 
MAX707 
Low-Cost, flP Supervisory Circuit 
5-15 
MAX708 
Low-Cost, flP Supervisory Circuit 
5·15 


MAX791 
High-Performance SuperVisoryCircuit 
5·23* 
ICL7665 
Low-Power Under-lOver-Voltage Detector 
OS 


MAX8211 
Programmable Voltage Detector 
DS 
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MAX8212 
Programmable Voltage Detector 
, 
DS 
Analog Filters 
MAX260 
~P Programmable Universal Switched-Capacitor Filter 
92NR 
MAX261 
~P Programmable Universal Switched-Capacitor Filter 
92NR 
MAX262 
~P Programmable Universal Switched-Capacitor Filter 
92NR 
MAX263 
Pin Programmable Universal Switched-Capacitor Filter 
92NR 
MAX264 
Pin Programmable Universal Switched-Capacitor Filter 
92NR 
MAX265 
Resistor/Pin Programmed Universal Switched-Capacitor Filter 
92NR 
MAX266 
Resistor/Pin Programmed Universal Switched-Capacitor Filter ......•................... 
92NR 
MAX267 
Pin Programmable Bandpass Switched-Capacitor Filter 
92NR 
MAX268 
Pin Programmable Bandpass Switched-Capacitor Filter 
92NR 
MAX270 
Digitally Programmed, Dual 2nd-Order Continuous Lowpass Filter 
92NR 
MAX271 
Digitally Programmed, Dual 2nd-Order Continuous Lowpass Filter with TIH 
92NR 
MAX274 
8th-order, Continuous-Time Analog Filter 
6·3 
MAX274EVKITEvaluation Kit for MAX274 
6-3 
MAX2741 
MAX275SOFT Filter Design Software for MAX274IMAX275 
6-3 
MAX275 
4th-order, Continuous-Time Analog Filter 
6·3 
MAX280 
5th-Order, Zero-Error, Butterworth Switched Capacitor Lowpass Filter 
92NR 
MAX281 
5th-Order, Zero-Error, Bessel Switched-Capacitor Lowpass Filter 
92NR 
MAX291 
8th-Order Butterworth, Clock-Tunable, 100:1 Lowpass Filter 
6-31 
MAX292 
8th-order Bessel, Clock-Tunable, 100:1 Lowpass Filter 
6-31 
MAX293 
8th-order Elliptic, 1.5 Transition Ratio, Clock-Tunable, 100:1 Lowpass Filter 
6-39 
MAX294 
8th-order Elliptic, 1.2 Transition Ratio, Clock-Tunable 100:1 Lowpass Filter 
6-39 
MAX295 
8th-order Butterworth, Clock·Tunable, 50:1 Lowpass Filter 
6-31 
MAX296 
8th-order Bes88l, Clock-Tunable 50:1 Lowp8as Filter 
6·31 
MAX297 
8th-order Elliptic, 1.5 Transition Ratio, Clock-Tunable 50:1 Lowpass Filter 
6·39 
LTC1062 
5th-Order, Zero-Error, Butterworth Switched Capacitor Lowpass Filter 
92NR 
MF10 
Dual Second Order Universal Switched-Capacitor Filter 
.oS 
AIDConverters 
MAX120 
5OOksps,12-Blt Sampling ADC with Track/Hold and Reference 
7-9* 
MAX1z>EVKrr Evaluation Kit for MAX120 
DS 
MAX121 
Serlal-output, 4ooksps, 14-Blt ADC with Track/Hold and Reference 
7-13* 
MAX122 
333ksps, 12-Blt Sampling ADC with TrackIHold and Reference 
7-9* 
MAX13J 
31/2Dig~M:lCortverterwithBa1dgapReference 
DS 
MAX131 
31/2 Digit NO Converter with Bandgap Reference 
.oS 
MAX132 
±18-Blt, Low-Power ADC with Serial Interface .••••..•....••.•.....••....••••.••.•.. 
7·15 
MAX132EVKrr Evaluation Kit for MAX132 
DS 
MAX133 
33/4 Digit +9V Circuit 
.oS 
MAX134 
33/4 Digit ±5V Circuit 
.oS 
MAX135 
±15-Blt, Low-Power ADC with Parallel Interface 
•...•••...•...••..••.•.....•....••• 
7-27** 
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Low Power 3 1/2 Digit ND Converter with Display Hold, Direct LCD Drivers 
.oS 


31/2 Digit ND Converter with Bandgap Reference & Charge-Pump 
Voltage Converter, Direct LED Drivers 
DS 


3 1/2 Digit AID Converter with Bandgap Reference & Charge-Pump 
Voltage Converter, Direct LCD Drivers 
DS 


3 1/2 Digit ND Converter with Bandgap Reference & Charge-Pump 
Voltage Converter, Direct Low-Current LED Drivers 
DS 
MAX150 
CMOS 1.31lS8-Bit AID Converter with Voltage Reference and Track/Hold 
DS 
MAX151 
300kHz 10-Bit AID Converter with Reference and TIH 
.oS 
MAX153 
1MspsIlP-Compatlble, 8-Blt ADC with 111APower-Down 
7-31* 
MAX154 
CMOS 21lS8-Bit ND Converter with 4 Channel Mux, TIH and Reference 
.oS 
MAX155 
High-Speed, 8-Blt ADC with a Simultaneous TIH and Reference 
7-33 
MAX155EVKITEvaluation Kit for MAX155 
.oS 
MAX156 
High-Speed, a-Bit ADC with 4 Simultaneous TIH and Reference 
7-33 
MAX158 
CMOS 2.01lS8-Bit ND Converter with 8 Channel Mux. TIH and Reference 
.oS 
MAX160 
CMOS IlP Compatible 41ls8-Bit ND Converter 
.oS 
MAX161 
CMOS 20IlS 8-Bit8 Channel Data Acquisition System 
.oS 
MAX162 
31lSCMOS 12-Bit ADC with Reference 
92NR 
MAX163 
100ksps CMOS 12-Bit ADC with T/H, Ref and +5V Input 
92NR 
MAX164 
100ksps CMOS 12-Bit ADC with TIH, Ref and +5V Input 
92NR 
MAX165 
5118,8-Blt ADC with TIH and Ref 
7-53 
MAX166 
5118,8-Blt ADC with TIH and Ref and Dlflerentlallnput 
7-53 
MAX168 
14-Blt, 250ksps ADC with Track/Hold and Voltage Reference 
7-65* 


MAX167 
100ksps CMOS 12-Bit ADC with TIH, Ref and ±2.5V Input 
92NR 
MAX170 
Serial Output 5.61ls12-Bit ADC with Ref, 8-Pin Package 
.oS 
MAX171 
Opto-Isolated Serial Output5.8lls 
12-BitADC ...............•....................... 
92NR 
MAX172 
10llS CMOS 12-Bit ADC with Voltage Ref 
92NR 
MAX173 
CMOS 51lS1O-BitADC with Voltage Reference 
DS 
MAX174 
Industry-Standard 12-Bit ADC with Voltage Reference 
92NR 
MAX176 
Serlal-output, 12·Blt 250ksps ADC with T/H, Ref, a-Pin Package 
7-67* 
MAX176EVKITEvaluation Kit for MAX176 ....................................•.................... 
DS 
MAX177 
CMOS 1O-BitADC with T/H and Ref 
.oS 
MAX178 
Calibrated 12-Bit ND Converter with T/H and Reference 
92NR 
MAX180 
Complete 1ooksps, 8-Channel, 12-Bit Data Acquisition System 
92NR 
MAX100EVKITEvaluation Kit for MAX180 
.oS 
MAX181 
Complete 1ooksps, 6-Channel, 12-Bit Data Acquisition System 
92NR 
MAX182 
Calibrated 4-ChanneI12-Bit ADC with TIH and Reference 
92NR 
MAX183 
31lS12-Bit AID Converter 
92NR 
MAX184 
51lS12-Bit AID Converter 
92NR 
MAX185 
10lls 12-Bit AID Converter 
92NR 
MAX186 
a-Channel, 130kspS,12·Blt Serial ADC with T/H and Ref 
7·69* 
MAX188 
8-Channel,130ksps, 12-Blt Serial ADC with T/H and Ref 
7-69* 


• AdVafla! Information 
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12-BIt, 75ksps, +5V ADC with T/H and Ref 
7-71 


Evaluation 
Kit for MAX190 
.oS 


12-Blt, 100ksps, +5V/±5 ADC with T/H and Ref 
7-87* 


16-BIt, Self-eallbratlng, 10llS Sampling ADC 
7-89* 


Industry 
Standard 
Complete 
12-Bit ADC 
92NR 


High Speed 3j.ls 12-Bit NO Converter 
DS 


Industry 
Standard 
Complete 
12-Bit ADC 
92NR 


Complete 
High Speed CMOS 12-Bit ADC 
92NR 


CMOS j.lP Compatible 
8-Bit NO Converter 
DS 


CMOS j.lP Compatible 
5j.ls, 8-Bit ADC 
....................................•........... 
DS 


CMOS j.lP Compatible 
1OJ.ls, 8-Bit ADC 
DS 


CMOS 8-Bit 8 Channel 
Data Acquisition 
System 
.oS 


CMOS 1.3j.ls 8-Bit NO Converter 
with Track/Hold 
......•................................ 
DS 


j.lP-Compatible, 
660ns 8-Bit ADC with Track/Hold 
92NR 


CMOS High Speed 8-Bit NO Converter 
with 4 Channel 
Multiplexer 
.............•........... 
DS 


CMOS High Speed 8-Bit NO Converter 
with 8 Channel 
Multiplexer 
DS 


CMOS High Speed 
8-Bit NO Converter 
with Track/Hold 
.oS 


31/2 
Digit NO Converter 
with Direct LCD Drivers 
DS 


31/2 
Digit NO Converter 
with Direct LCD Drivers 
......•................................ 
DS 


12-Bit NO Converter 
with Three-State 
Binary Outputs 
OS 


31/2 
Digit NO Converter 
with Direct LCD Display 
Hold 
.oS 


3 1/2 Digit NO Converter 
with Direct LED Display 
Hold 
.oS 


Low Power, 3 1/2 Digit NO Converter 
with Direct LCD Drivers 
.oS 


Low Noise, 4 1/2 Digit Single-Chip 
NO Converter 
with 
Multiplexed 
LCD Drivers. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
. 
DS 


ICL7135 
41/2 
Digit NO Converter 
with Multiplexed 
BCD Outputs 
DS 


ICL7136 
Low Power, 3 1/2 Digit NO Converter 
with Direct LCD Drivers 
DS 


ICL7137 
Low Power, 31/2 
Digit NO Converter 
with Direct LED Drivers 
DS 


Video Products 
MAX31 0 
CMOS RFNideo 
Multiplexers 
92NR 


MAX311 
CMOS RFNideo 
Multiplexers 
92NR 
MAX404 
80M Hz Video Operational 
Amplifier 
.oS 


MAX405 
Precision 
180MHz Video Buffer Amplifier 
92NR 
MAX435 
250M Hz Wldeband Transconductance Amplifier 
8-3* 


MAX436 
250MHz Wldeband Transconductance Amplifier 
8·3* 


MAX440 
8-ehannel, High-Speed Video Multiplexer/Amplifier 
8·5 


MAX441 
4-ehannel, High-Speed Video MUltiplexer/Amplifier 
8-5 


MAX442 
2-ehannel, 140MHz, Video MUltiplexer/Amplifier 
8-17 


MAX452 
50MHz Video Amplifier 
92NR 


MAX453 
2-Channel 
50MHz Video Multiplexer/Amplifier 
92NR 


MAX454 
4-Channel 
50MHz Video Multiplexer/Amplifier 
92NR 


MAX190 


MAX190EVKrT 
MAX191 
MAX195 


MX574A 


MX578 


MX674A 


MX7572 
MX7574 


MX7575 


MX7576 


MX7581 


MX7820 


MX7821 


MX7824 


MX7828 


ADC0820 


ICL7106 


ICL7107 


ICL7109 
ICL7116 


ICL7117 


ICL7126 


ICL7129A 
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MAX455 
8-Channel 
50MHz Video Multiplexer/Amplifier 
92NR 


MAX4S6 
8x8 Video Switch Crosspoint 
8·21 
MAX457 
Dual 70MHz Video Amplifier 
92NR 


MAX900 
Quad High-Speed. 
Low-Power 
Voltage Comparator 
92NR 


D/A Converters 
MAX500 


MAXS01 


MAXS02 
MAXSOS 


MAXS06 


MAXS07 


MAXS08 


MAXS14 


MAXS16 


MAXS26 


MAXS27 


MAXS28 


MAXS29 


MAXS32 


MAX543 


MAX7624 


MAX7645 


MX565A 


MX566A 


MX7224 


MX7225 


MX7226 


MX7228 


MX7520 


MX7521 
MX7523 


MX7524 


MX7528 


MX7530 


MX7531 


MX7533 


MX7534 


MX7535 


MX7536 


MX7537 


MX7538 


CMOS Quad, Serial Interface. 
8-Bit D/A Converter 
92NR 


Voltage 
Output, 
12·Blt MUltiplying 
DAC with 8 + 4 Interface 
.•••••..•••.••••••••••••••• 
9·S 


Voltage 
Output, 
12·Blt Multiplying 
DAC with 12·Blt Interface 
9·S 


CMOS 
+SV Quad 8·Blt D/A Converters 
with Rall·to-Rall 
Outputs 
9·17 


CMOS 
+5V Quad 8·Blt D/A Converters 
with Rall·to-Rall 
Outputs 
9·17 


Voltage 
Output, 
12·BIt DAC with Internal 
Reference 
and 12·Blt Interface 
9·33 


Voltage 
Output, 
12·Blt DAC with Internal 
Reference 
and 8 + 4 Interface 
••..•.••.••••... 
9·33 


Quad-eMOS 
12·Blt Serial Input Multiplying 
D/A Converter 
9·4S 


Quad, DAC-Programmed 
CMOS Comparator 
3·3S 


CMOS Quad 12·Blt Voltage 
Output 
D/A Converter 
9·S3 


±SV, Quad, 12·Blt Voltage-Output 
DAC 
9·S3 


Octal, 8·Blt, Serial DAC with Output 
Buffers 
9·69 


+SV, Octal, 8-Blt Serial 
DAC with Output 
Buffers 
9-69 


Complete, 
Dual, 12·Blt, Serlal·lnput, 
Voltage-Output 
MDAC 
9·8S· 


CMOS 
12-Bit Serial Multiplying 
D/A Converter 
in 8-Pin Package 
92NR 


Improved 
MX7524 
.oS 


Improved 
MX7545 
.oS 


High Speed 
12-Bit Monolithic 
D/A Converter 
with Voltage 
Reference 
DS 


High Speed 
12-Bit Monolithic 
D/A Converter 
.oS 


CMOS Double 
Buffered 
8-Bit D/A Converter 
with Voltage 
Output 
Amplifier 
.oS 


CMOS Quad 8-Bit D/A Converter 
with Voltage 
Output 
Amplifier, 
Latches 
.oS 


CMOS Quad 8-Bit D/A Converter 
with Voltage 
Output 
Amplifier 
.oS 


CMOS Octal 8-Bit D/A Converter 
.oS 


CMOS 
10-Bit Multiplying 
D/A Converter 
.oS 


CMOS 
12-Bit Multiplying 
D/A Converter 
DS 


CMOS 8-Bit Multiplying 
D/A Converter 
DS 


CMOS 8-Bit Buffered 
Multiplying 
D/A Converter 
.oS 


CMOS Dual 8-Bit Buffered 
Multiplying 
D/A Converter 
.oS 


CMOS 10-Bit Multiplying 
D/A Converter 
.oS 


CMOS 
12-Bit Multiplying 
D/A Converter 
.oS 


CMOS Low Cost10-Bit 
Multiplying 
D/A Converter 
.oS 


fLP Compatible 
14-Bit D/A Converter 
DS 


fLP Compatible 
14-Bit D/A Converter 
DS 


fLP Compatible 
14-Bit DAC 
.oS 


CMOS Parallel Loading 
Dual 12-Bit Multiplying 
DAC 
...............•........•.......... 
.oS 


fLP Compatible 
CMOS 
14-Bit DAC 
DS 
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MX7541 
CMOS 12-Bit Multiplying D/A Converter 
.oS 
MX7541A 
CMOS 12-Bit Multiplying D/A Converter 
DS 
MX7542 
CMOS 12-Bit ~P-Compatible D/A Converter 
DS 
MX7543 
CMOS 12-Bit Serial Input D/A Converter 
, 
".,.'".,.,.,." 
,DS 
MX7545 
CMOS 12-Bit Buffered Multiplying DAC 
" 
,.' 
.. , 
'" 
'", 
.. ', .. ,' 
,. ,DS 
MX7545A 
CMOS 12-Bit Buffered Multiplying DAC 
, 
'"' 
" 
,.',, 
.. ,., 
.... 
, ... 
,., 
.. , 
DS 
MX7547 
CMOS Parallel Loading Dual 12-Bit Multiplying DAC , , , " " .. , , , , 
, , , .. , , .' . , , , 
' .oS 
MX7548 
CMOS 8-Bit Compatible 12-Bit DAC ., 
", 
", 
" 
, 
" 
" 
DS 
MX7549 
CMOS Dual 12-Bit Double-Buffered ~P-Compatible DAC .. , , . , , , , .. , , , 
, , , 
, 
, , 
.oS 
MX7628 
CMOS Dual 8-Bit Buffered Multiplying D/A Converter , , . , .. , , , , , ... 
, , , . , . , , , . , , , , , .. , 
.oS 


Display Driversnimers/Counfers 
MAX038 
High-Speed 300M Hz Function Generator 
10-3* 
MAX7219 
Serially Interfaced 8-Digit LED Display Driver ."", 
,."' 
',,, 
, 
92NR 
MAX7231 
8 Digit Triplexed LCD Decoder/Driver 
,., 
'" 
,., 
, 
, 
DS 
MAX7232 
10 Digit Triplexed LCD Decoder /Driver , 
, 
, . , 
, 
, 
, 
, , .DS 
MAX7233 
4 Character Triplexed LCD DecoderlDriver 
, 
, , 
, . , , .. , 
, 
DS 
MAX7234 
5 Character Triplexed LCD DecoderlDriver 
, 
, , , 
, , , 
, 
DS 
ICM7211 
4 Digit LCD DecoderlDriver 
, , , 
, 
, 
, 
, 
DS 
ICM7212 
4 Digit LED DecoderlDriver 
, 
, 
" 
"' 
,.,, 
,., 
, 
DS 
ICM7217 
4 Digit LED Preseltable Up/Down Counter 
, 
, , .. , . , , 
, , , .. .oS 
ICM7218 
8 Digit Multiplexed LED DecoderlDriver 
, 
, , , 
, 
, 
, , 
, 
DS 
ICM7224 
4 1/2 Digit LCD High Speed Counter/Decode rID river "' 
, .. , ...• 
',, 
, 
DS 
ICM7225 
41/2 Digit LED High Speed Counter /DecoderlDriver 
, 
DS 
ICM7228 
8 Digit LED Display Driver ' .. ,."" 
" 
"" 
"' 
,, 
DS 
ICM7240 
Programmable RCTimer/Counter 
, 
, 
,., 
, 
,., 
. .oS 
ICM7242 
Fixed RCTimer/Counter , , .. , , 
, , 
, , 
, .. , .oS 
ICM7250 
Programmable RCTimer/Counter 
", 
.. ,." 
"." 
"" 
,., 
, 
.oS 
ICM7260 
Programmable RCTimer/Counter 
, 
,., 
, 
, 
, 
,DS 
ICM7555 
Low Power, General Purpose Timer 
, 
, 
, , 
DS 
ICM7556 
Low Power, General Purpose Dual Timer 
, , 
, , , 
, , 
, 
, , 
.oS 
MM74C945 
4 Digit Up/Down CounterlDecoderlDriver 
., 
"" 
,.", 
", 
", 
, 
,.OS 
MM74C947 
4 Digit Up/Down Counter/Decoder/Driver 
., 
, 
" 
, 
.oS 
Voltage Relerences 
MAX670 
+10V Precision Kelvin Sensed Reference, 3 ppmrC . , , , 
, 
, . , 
, 
DS 
MAX671 
+10V Precision Kelvin Sensed Reference, 1 ppmrC 
. , , , 
, , , , 
, 
, 
DS 
MAX674 
+10V Precision Voltage Reference 
, 
, 
DS 
MAX675 
+5V Precision Voltage Reference .. , , 
, 
, , . , 
, . , 
, , 
.oS 
MAX872 
10~, 
Low-Dropout, +2.5V Precision Voltage Reference 
11·3 
MAX873 
Low-Power, Low-Drift, +2.5V Precision Voltage Reference 
11-7* 
MAX874 
10~, 
Low-Dropout, +4.096V Precision Voltage Reference 
11-9* 
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MX580 
Precision 2.5V Reference 
DS 
MX581 
Precision 10VReference 
DS 
MX584 
Pin Programmable 10V. 7.5V. 5V, 2.5V, Precision Voltage Reference 
.oS 
MX2700 
+1OVPrecision Reference, 3 ppmrc 
.oS 
MX2701 
-10V Precision Reference, 3 ppmrc 
DS 
MX2710 
+10V Precision Reference, 1 ppmrc 
DS 
ICL8069 
1.2VVoltage Reference 
OS 
REFO1 
+1OVPrecision Voltage Reference 
, 
OS 
REF02 
+5V Precision Voltage Reference 
.oS 
True RM5-to-DC Converters 
MX536A 
True RMS-to-DC Converter 
.oS 
MX636 
True RMS-to-DC Converter 
DS 
Appendix 
Package 
Unit Process 
Flow 
A-3 


Surface-Mount 
Products 
A-4 


Ole and Wafer sales 
A-5 


Maxim's 
/883 and /HR Program 
A-7 
Proprietary 
and second·Source 
Numbering 
System 
A·8 
Package Information 
A-9 
Index 
Alpha-Numeric 
Index 
Index 1 


• Advance Informallon - first page of data sheet In preparation. 
/I;'I/J X I /1;'1 
_ 


Call toll ffee 1-800-998-8800 
fOf ftee samples Oflitefatufe. 


~1I1~JXI~1I1 


Analog Multiplexers/Switches 


Analog and MultiplexerslSwitches, Tables and ProductTrees 
1-1 
MAX388 
High-Voltage, Fault-Protected Analog Multiplexer 
1-7 
MAX389 
High-Voltage, Fault-Protected Analog Multiplexer 
1-7 
DG401 
High-Speed Analog Switches 
1-19 
DG403 
Dual High-Speed Analog Switches 
1-19 
DG405 
Dual High-Speed Analog Switches 
1-19 
DG406 
16-Channel. High-Performance, CMOS Analog Multiplexer 
1-25 
DG407 
Dual, 8-Channel, High-Performance, CMOS Analog Multiplexer 
1-25 
DG408 
8-Channel, High-Performance, CMOS Analog Multiplexer 
1-31 
DG409 
Dual, 4-Channel, High-Performance, CMOS Analog Multiplexer 
1-31 
DG411 
Quad SPSTPrecision Analog Switches 
1-37 
DG412 
Quad SPSTPrecision Analog Switches 
1-37 
DG413 
Quad SPSTPrecision Analog Switches 
1-37 
DG417 
Precision MiniDIP Analog Switches 
1-43- 
DG418 
Precision MiniDIP Analog Switches 
1-43- 
DG419 
Precision MiniDIP Analog Switches 
1-43- 
DG421 
Dual CMOS Analog Switches 
1-45- _ 
DG423 
Dual CMOS Analog Switches 
1-45- 
DG425 
Dual CMOS Analog Switches 
1-45- 
DG441 
Quad SPSTAnalog Switches 
1-47 
DG442 
Quad SPSTAnalog Switches 
, 
1-47 
DG444 
Quad SPSTAnalog Switches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-53 
DG445 
Quad SPSTAnalog Switches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-53 


Analog Switche 


Plug-In 
Supply Current 
Prlcet 
Pert 
Repl_t 
rDS(ON) 
ID(OFF) 
l(ON) 
l(0FF) 
VILJVIH 
1+/1- 
1DOO-up 
Number 
Function 
for 
(0 
mu) 
(nAmu) 
(nemu) 
(nemax) 
(V) 
(mAmax) 
(S) 


MAX326 
4SPSTNC 
DG201A/211 
2500 
0.Q1 
1000 
500 
0.8/2.4 
0.25/0.1 
3.63 


MAX327 
4 SPST NO 
DG202/212 
2500 
0.Q1 
1000 
500 
0.8/2.4 
0.25/0.1 
3.63 


MAX331 
4 SPST NC 
DG201A/211 
175 
1 
600 
450 
0.8/2.4 
0.01/0.01 
6.73 


MAX332 
4 SPST NO 
DG202/212 
175 
1 
600 
450 
0.8/2.4 
0.01/0.01 
6.73 


MAX333 
4 SPOT 
DG211& DG212 pair 
175 
5 
1000 
500 
0.8/2.4 
0.25/0.25 
4.47 


MAX334 
4SPSTNC 
DG201A/211/271 
50 
1 
100 
50 
0.8/3.0 
4.5/3.5 
3.20 


DG401 
2 SPST NO 
DG401,1H5041/5141 
35 
0.25 
150 
100 
0.8/2.4 
0.001/0.001 
tt 


DG403 
2 SPOT 
DG403,1H5043/5143 
35 
0.25 
150 
100 
0.8/2.4 
0.001/0.001 
tt 


DG405 
2DPSTNO 
DG405,1H5045/5145 
35 
0.25 
150 
100 
0.8/2.4 
0.001/0.001 
tt 


DG411 
4 SPST NC 
DG201A-2/211-12/411 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
2.96 


DG412 
4 SPST NO 
DG201A-2/211-12/412 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
2.% 


DG413 
4SPST 
DG413 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
2.% 


DG417 
SPSTNC 
DG417 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 


DG418 
SPSTNO 
DG418 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 
! 
DG419 
SPOT 
DG419 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 


DG421 
2SPST 
DG421 
35 
0.25 
250 
200 
0.8/2.4 
0.001/0.001 
tt 


DG423 
2SPOT 
DG423 
35 
0.25 
250 
200 
0.8/2.4 
0.001/0.001 
tt 


DG425 
2DPST 
DG425 
35 
0.25 
250 
200 
0.8/2.4 
0.001/0.001 
tt 


DG441 
4 SPST NC 
DG201A-202/441 
85 
0.5 
250 
120 
0.8/2.4 
0.1/0.001 
2.48 


DG442 
4 SPST NO 
DG201A-202/442 
85 
0.5 
250 
120 
0.8/2.4 
0.1/0.001 
2.63 


DG444 
4 SPST NC 
DG211-212/444 
85 
0.5 
250 
120 
0.8/2.4 
0.001/0.001 
1.19 


DG445 
4 SPST NO 
DG211-212/445 
85 
0.5 
250 
120 
0.8/2.4 
0.001/0.001 
1.44 


DG200A 
2SPSTNC 
DG200A 
70 
2 
1000 
500 
0.8/2.4 
0.3/0.01 
1.78 


DG201A 
4 SPST NC 
DG201A 
175 
1 
600 
450 
0.8/2.4 
0.1/0.1 
1.97 


DG202 
4 SPST NO 
DG202 
175 
1 
600 
450 
0.8/2.4 
0.1/0.1 
2.21 


DG211 
4 SPST NC 
DG211 
175 
5 
1000 
500 
0.8/2.4 
0.1/0.1 
1.47 


DG212 
4 SPST NO 
DG212 
175 
5 
1000 
500 
0.8/2.4 
0.1/0.1 
1.47 


DG300A 
2SPSTNC 
DG300A 
50 
1 
300 
250 
0.8/4.0 
0.5/0.1 
2.15 


DG301A 
SPDT 
DG301A 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
2.15 


DG302A 
2DPSTNC 
DG302A 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
2.78 


DG303A 
2SPDT 
DG303A 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
2.78 


-Continued 
on the next page-- 


t Prices provided 
are for design guidance only and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 
tt Future product - contact factory for pricing and availability. 
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Analog Switches (continued) 


Plug-In 
Supply Current 
Prlcet 
Part 
Replacement 
rOS(ON) 
IO(OFF) 
t(ON) 
t(OFF) 
VILlVIH 
1+/1- 
1000-up 
Number 
Function 
for 
(n maxI 
(nA maxI 
(ns maxI 
(nsmax) 
(V) 
(mAmax) 
($) 


DG304A 
2SPSTNC 
DG304A 
50 
I 
250 
ISO 
3.5/11.0 
0.1/0.1 
2.42 


DG305A 
SPOT 
DG305A 
50 
I 
250 
ISO 
3.5/11.0 
0.1/0.1 
2.55 


DG306A 
2 DPSTNC 
DG306A 
50 
I 
250 
ISO 
3.5/11.0 
0.1/0.1 
4.06 


DG307A 
2SPDT 
DG307A 
50 
I 
250 
ISO 
3.5/11.0 
0.1/0.1 
2.78 


DG308A 
SPSTNO 
DG308A 
100 
I 
200 
ISO 
3.1/11.0 
0.1/0.1 
2.16 


DG309 
SPSTNC 
DG309 
100 
1 
200 
150 
3.5/11.0 
01/0.1 
2.16 


HI201 
4SPSTNC 
DG201A, HI201 
70 
5 
400 
300 
0.8/2.4 
0.3/0.1 
2.00 


DG381 A 
2SPSTNO 
DG381A 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
3.24 


DG384A 
2 DPOTNC 
DG384A 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
4.06 


DG387A 
SPDT 
DG387A 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
3.24 


DG390A 
2SPDT 
DG390A 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
3.26 


IH5041 
2SPSTNC 
IH5041 
75 
1 
400 
200 
0.8/2.4 
0.001/0.001 
1.84 


IH5043 
2SPDT 
IH5043 
75 
1 
400 
200 
0.8/2.4 
0.001/0.001 
2.36 


IH5045 
2 DPSTNC 
IH5045 
75 
I 
400 
200 
0.8/2.4 
0.001/0.001 
2.44 
..• 
IH5047 
2 DPSTNC 
IH5045 
75 
1 
400 
200 
0.8/2.4 
0.001/0.001 
2.44 
~ 


Analog Multiplexers 


Plug-In 
Analog-Signal 
Pricet 
Part 
Replacement 
rOS(ON) 
IO(OFF) 
t(ON)/t(OFF) 
Voltage Range 
1000-up 
Number 
Function 
for 
(n maxI 
(nAmax) 
(~s maxI 
(V) 
Features 
($) 


MAX328 
l-of-8 
DG508 
2500 
0.02 
1 
±15 
Ultra-low 
leakage 
4.72 


MAX329 
2-of-8 
DG509 
2500 
0.02 
I 
±15 
Ultra-low 
leakage 
4.72 


MAX358 
l-of-8 
OG508, HI508A 
1500 
1.0 
0.5 
-12.5 to +13.5 
Fault protected 
to ±35V 
3.75 


MAX359 
2-of-8 
DG509, HI509A 
1500 
1.0 
0.5 
-12.5 to +13.5 
Fault protected 
to ±35V 
3.75 


MAX368 
l-of-8 
DG528 
1500 
2 
1.5/1.0 
-12.5 to +13.5 
Fault protected 
with latches to ±35V 
475 


MAX369 
2-of-8 
DG529 
1500 
1.0 
1.5/1.0 
-12.5 to +13.5 
Fault protected 
with latches to ±35V 
4.75 


MAX378 
l-of-8 
DG508, HI508A 
3000 
1.0 
0.75/0.5 
-12.5 to +13.5 
Fault protected 
to ±75V 
5.SO 


MAX379 
2-of-8 
DG509, HI509A 
3000 
1.0 
0.75/0.5 
-U.5 to +13.5 
Fault protected 
to ±75V 
5.50 
----- 
MAX388 
l-of-8 
DG528, MAX368 
3000 
1.0 
1 
-12.5 to +13.5 
Fault protected 
with latches to ±100V 
6.00 


MAX389 
2-of-8 
DG529, MAX369 
3000 
1.0 
1 
-12.5 to +13.5 
Fault protected 
with latches to ±100V 
6.00 


-Continued 
on the next page- 


t Prices provided 
are for design 
guidance 
only and are FOB USA. International 
prices will differ due to local duties, 
taxes, and exchange 
rate<. 


,t Future product 
- contact factory for pricing and availability. 


Analog Multiplexers (continued) 


Plug-In 
Analog-Signal 
Pricet 
Part 
Replacement 
rOS(ON) 
IO(OFF) 
t(ON)/t(OFF) 
Voltage 
Range 
1000-up 
Number 
Function 
lor 
(n max) 
(nAmax) 
(l'S max) 
(V) 
Features 
($) 


MX7501 
1-01-8 
AD7501 
300 
5 
1.5/1.0 
±15 
Industry 
standard 
5.58 


MX7502 
2-01-8 
AD7502 
300 
3 
1.5/1.0 
±15 
Industry 
standard 
5.58 


MX7503 
1-01-8 
AD7503 
300 
5 
1.5/1.0 
±15 
Industry 
standard 
5.58 


MX7506 
1-01-16 
AD7506 
400 
5 
1.5/1.0 
±15 
Industry 
standard 
10.25 


MX7507 
2-01-16 
AD7507 
400 
5 
1.5/1.0 
±15 
Ind ustry standard 
10.25 


DG406 
1-01-16 
DG406/506A 
100 
2 
0.2/0.15 
±15 
Industry 
standard 
tt 


DG407 
2-01-16 
DG407/507A 
100 
2 
0.2/0.15 
±15 
Industry 
standard 
tt 


DG408 
1-01-8 
DG408/508A 
100 
I 
0.225/0.150 
±15 
Industry 
standard 
tt 


DG409 
2-01-8 
DG409/509A 
100 
1 
0.225/0.150 
±15 
Industry 
standard 
tt 


DG506A 
1-01-16 
DG506A, HI506 
400 
5 
1.0/0.4 (typ) 
±15 
Industry 
standard 
4.79 


DG507A 
2-01-16 
DG507 A, HI507 
400 
5 
1.0/0.4 (typ) 
±15 
Industry 
standard 
4.79 


DG508A 
1-01-8 
DG508A, HI508 
300 
2 
1.0/1.7 
±15 
Industry 
standard 
2.09 


DG509A 
2-01-8 
DG509A, HI509 
300 
2 
1.0/1.7 
±15 
Industry 
standard 
2.09 


DG528 
1-01-8 
DG528 
400 
10 
1.5 
±15 
Industry 
standard 
3.19 


~ 
DG529 
2-01-8 
DG529 
400 
10 
1.5 
±15 
Industry 
standard 
3.19 
, 
'" 
5.88 
HI508A 
1-01-8 
HI508A 
1500 
2 
0.5 
-12.5 to +13.5 
Overvoltage 


HI509A 
2-01-8 
HI509A 
1500 
2 
0.5 
-12.5 to +13.5 
Overvoitage 
5.88 


IH5108 
Use MAX358 (pin lor pin compatible 
upgrade) 


IH5208 
Use MAX359 (pin lor pin compatible 
upgrade) 


IH6108 
Use DG508A (pin lor pin compatible 
upgrade) 


IH6208 
Use DG509A (pin lor pin compatible 
upgrade) 


IH6116 
Use DG506A (pin lor pin compatible 
upgrade) 


IH6216 
Use DG507 A (pin lor pin compatible 
upgrade) 


Hl506 
Use DG506A (pin lor pin compatible 
upgrade) 


HI507 
Use DG507 A (pin lor pin compatible 
upgrade) 


HI508 
Use DG508A (pin lor pin compatible 
upgrade) 


H1509 
Use DG509A (pin lor pin compatible 
upgrade) 


t Prices provided 
are lor design guidance 
only and are FOB USA. International 
prices will difler due to local duties, taxes, and exchange 
rates. 


tt Future product- 
contact lactory lor pricing and availability. 
I 


MAX358 (±35V) 


MAX359 (diff ±35V) 


MAX368 Gatch ±35V) 


MAX369 Gatch, diff ±35V) 


MAX378 (±75V)- 


MAX379 (diff ±75V)- 
* MAX388 (±lOOV) 
* MAX389 (diff ±lOOV) 


HI508A 
(±35V) 


HI509A 
(diff ±35V) 


ANALOG MULTIPLEXERS 


MX7501 


MX7502 (diff) 


MX7503 


tDG408 


t 
DG409 
(diff) 


DG508A 


DG509A 
(diff) 


DG528 
(latch) 


DG529 
(latch, diff) 


Hl508 


HI509 
(diff) 


MX7506 


MX7507 
(diff) 


t 
DG406 


t DG407 
(diff) 


DG506A 


DG507 A (diff) 


* New product since the publication 
of the 1990 ShortFonn 
Product Guide. 


t Future product. 
• Withstands 
quOled input or output voltage indefinitely 
with/Without 
supply voltage presenL 


MAX310 (70db at lOMHz) 


MAX311 (diff 70db at lOMHz) 


MAX453 (t of 2, drives 750) 


MAX454 (t of 4, drives 750) 


MAX455 (t of 8, drives 750) 


8-CHANNEL 


MAX328 
(tOpA) 


MAX329 
(tOpA) 


* DG401 (dual) 
* DG411 (quad) 
* DG412 (quad) 


MAX334 (quad) 


DG300A (dual) 


DG304A (dual) 


DG381A (dual) 


25W 


t lli5048A 


35.Q 
* DG413 (quad) 
t DG417 (single) 
t DG418 (single) 
t DG421 (dual) 


400 


lli5148 (dual) 


SOO 


HI20l 
(quad) 


DI5140 


lli5141 
(dual) 


750 


MAX340 (±50Y) 
DG200A (dual) 


MAX341 (dual, ±SOY) IHS040 


MAX348 (dual, ±50Y) IHS041 (dual) 


850 
* DG441 (quad) 
* DG442 (quad) 
* DG444 (quad) 
* DG445 (quad) 


1000 


DG308A (quad) 
DG309 (quad) 


1750 


MAX331 (quad) 


MAX332 (quad) 


DG201A (quad) 


DG202 
(quad) 


DG211 
(quad) 


DG212 
(quad) 


DG301A 


DG303A (dual) 


DG305A 


DG307A (dual) 


DG387A 


DG390A (dual) 


lli5142 


lliSl43 (dual) 


DG302A (dual) 


DG306A (dual) 


DG384A (dual) 


DI5144 


DI5145 
(dual) 


MAX344 (±SOY) 


MAX345 (dual, ±SOY) 


lli5044 


lli5045 
(dual) 


* MAX326 
* MAX327 


* New product,ince 
the publication 
of the 1990 Short Form Product Guide. 


t FulUle produet.I 
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High- Voltage, Fault-Protected 


Analog Multiplexers 


_______ 
General Description 


The MAX388 
8-channel 
single-ended 
(1-of-8) 
and 
the 


MAX389 
4-channel 
differential 
(2-of-8) 
multiplexers 


(muxes) 
with 
internal 
data 
latches 
use a high-voltage 


series 
N-channel, 
P-channel, 
N-channel 
structure 
that 


significantly 
improves 
fault 
protection 
over 
previous 


devices. 
If power 
is removed 
with 
input 
voltages 
still 


applied, 
all 
channels 
turn 
off, 
allowing 
only 
a few 


nanoamperes 
of input leakage 
current. 
This protects 
the 


mux and output 
circuitry, 
as well as the signal 
sources 


connected 
to the channel 
inputs. 


When an overvoltage 
signal up to ±1 OOV (typically 
±11 OV) 


is applied 
to an analog 
input or output, the channel 
turns 


off. 
To further 
protect 
output 
circuitry 
from on-channel 


overvoltage, 
outputs 
are clamped 
to less than the power- 


supply 
voltage. 
Since 
there 
is no increase 
in supply 


current 
during 
fault conditions, 
power 
dissipation 
does 


not increase. 
The MAX388/MAX389 
withstand 
full over- 


voltage 
on any combination 
of channels, 
including 
all 


channels 
simultaneously. 


All channel 
selection 
and 
control 
inputs 
are TIL 
and 


CMOS 
compatible. 
And, 
break-before-make 
switch 


operation 
is guaranteed. 


Data-Acquisition 
Systems 


Industrial 
Process Control Systems 


Avionics 
Test Equipment 


Signal Routing 
Between 
Systems 


Computer-Controlled 
Analog 
Data Logging 


v+ 
v- 


.NIAXUM 
IN1A 
MAX389 


IN1B 


IN2A 


IN2B 


IN3A 


IN3B 


IN4A 


IN4B 


• 
Fault and Overvoltage 
Protection 


• 
Fail-Safe 
with Power Loss (No Latchup) 


• 
Break-Before-Make 
Switching 


• 
All Channels 
Off when Power Off 


• 
Internal 
Data Latches 


• 
TTL and CMOS Compatible 


• 
Operates 
from ±4.5V to ±18V Supplies 


• 
On-Channels 
Turn Off during Overvoltage 


• 
Nanoamperes 
Leakage 
in Overvoltage 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX388CPN 
O'C to +70'C 
18 Plastic 
DIP 


MAX388CJN 
O'C to +70'C 
18 CERDIP 


MAX388C/D 
O'C to +70'C 
Dice' 


MAX388EPN 
-40'C 
to +85'C 
18 Plastic 
DIP 


MAX388EJN 
-40'C 
to +85'C 
18 CERDIP 


MAX388MJN 
-55'C 
to + 125'C 
18 CERDIP" 


Ordering 
Information 
continued 
on last page. 
, 
Contact 
factory 
for dice specifications. 


" 
Contact 
factory for availability 
and processing 
to MIL-STO-883. 


AS 


.NIAXIA4 
A2 


MAX388 
GND 


v+ 


IN5 


IN6 


IN7 


IN8 


.•••VI .••• 
J X I .•••VI 
Maxlm Integrated 
Products 
1-7 


Call toll free 1·800·998·8800 
for free samples or literature. 
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High-Voltage, 
Fault-Protected 
Analog Multiplexers 


ABSOLUTE 
MAXIMUM 
RATINGS 


v+ to v- 
V+toGND 
V-toGND 
... 


EN, WR, RS, AO-A2 
Analog 
InputwithV+ 
= 15V, V- = -15V 


Analog 
Input with V+ = V- = OV 
. 


Continuous 
Current, 
IN or OUT 
. 


Peak Current, 
IN or OUT (Note 1) 


Continuous 
Power Dissipation 
Plastic DIP (derate 
11.11mWrC 
above 
+70'C) 


CERDIP (derate 
10.53mWrC 
above 
+70'C) 
. 


Operating 
Temperature 
Ranges: 


MAX38_C 
__ 
. 


MAX38_E __ 
MAX38_MJN 
Storage Temperature 
Range 


Lead Temperature 
(soldering, 
10 see) 


"" 
... 
44V 
22V 


. .. -22V 


.... 
V+ + 4V to V- - 4V 


±looV 
±115V 
.20mA 
.40mA 


." 
.. 
889mW 


... 
842mW 


O'C to +70'C 
............ 
-40'C 
to +85'C 


. , -55'C 
to +125'C 


.. 
-65'C 
to + 150'C 


..... 
+3OO'C 


Note 
1: 
Pulsed 
at lms, 
10% maximum 
duty cycle, 


Stresses 
beyond 
those listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and 
functional 
operation 
of the device 
at these or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 15V, v- = -15V, GND = WR = OV, RS = +2.4V, TA = +25'C, 
unless otherwise 
noted.) 


C, E SUFFIXES 
MSUFFIX 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Analog 
Signal Range 
VANALOG 
(Note 4) 
-15 
15 
-15 
15 
V 


Drain-Source 
Vo = ±10V, VAL = 0.8V 
I 
2.0 
3.0 
2.0 
3.0 


On Resistance 
rOS(ON) 
Is = 100~, 
VAH = 2.4V 
kW 


TMAX 
3.0 
4.0 
3.0 
4.0 


Greatest 
Change 
in 
rOS(ON) Between 
NOS(ON) 
-10V < VS < 10V 
10 
10 
% 


Channels 


Source-Off 
Leakage 
VEN = 0.8V, VIN = ±10V, 
-1.00 
003 
1.00 
-0.50 
0.03 
0.50 


IIN(OFF) 
nA 
Current 
(Note 2) 
VOUT = ±10V 
TMAX 
-50 
50 
-50 
50 


-2.0 
0.1 
2.0 
-1.0 
0.1 
1.0 


Drain-Off 
VEN = 0.8V, 
MAX388 


TMAX 
-200 
200 
-200 
200 
Leakage 
Current 
IOUT(OFF) 
VIN = ±10V, 
nA 


(Note 2) 
VOUT= +10V 
-2.0 
2.0 
-1.0 
1.0 
MAX389 


TMAX 
-100 
100 
-100 
100 


-5.0 
5.0 
-2.0 
2.0 


Drain-On 
VEN = VAH = 2.4V, 
MAX388 
TMAX 
-200 
200 
-200 
200 
Leakage 
Current 
IOUT(ON) 
VOUT = VIN = ±10V, 
nA 


(Note 2) 
VAL = 0.8V 
-5.0 
5.0 
-2.0 
2.0 
MAX389 
TMAX 
-100 
100 
-100 
100 


LOGIC INPUT 


Logic 
Input Current 
VA = 2.4V (Note 3) 
-1 
1 
-1 
1 
(Input Voltage 
High) 
IAH 
~A 
VA = 14V (Note 3) 
-1 
1 
-1 
1 


Logic 
Input Current 
IAL 
VEN = OVor 2.4V, VA = 'RS = WR = OV 
-1 
1 
-1 
1 
~A 
(Input Voltage 
Low) 


FAULT 


Output 
Leakage 
VOUT = OV, 
-0.05 
0.05 
-0.02 
0.02 
~A 


Current 
IOUT(OFF) 


with Overvoltage 
VIN = ±6OV, (Note 5) 
TMAX 
20 
10 
~A 


Input Leakage 
VIN = ±6OV, 
Current 
IiN(OFF) 
VOUT = ±10V, (Note 5) 
40 
25 
~A 


with Overvoltage 


Input Leakage 
VIN = ±100V, VEN = VOUT = OV, 
Current 
with 
IIN(OFF) 
20 
10 
mA 


Power Supplies 
Off 
AD = A 1 = A2 = OV or 5V 


High-Voltage, 
Fault-Protected 


Analog Multiplexers 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 15V, v- = -15V, GND = WR = OV, RS = +2.4V, TA = +25'C, 
unless otherwise 
noted.) 


C, E SUFFIXES 
MSUFFIX 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


DYNAMIC 


Multiplexer 
!TRANS 
Figure 2 
05 
10 
05 
1.0 
llS 
Switching 
Time 


Break-Before-Make 
tOPEN 
Figure 3 
0.2 
0.2 
lls 
Interval 


Enable or Write 
tONWh 
Figures 
4 and 5 
1.0 
1.5 
1.0 
1.5 
llS 
Turn-On 
Time 
tON( 


Enable or Write 
tOFF~ 
Figures 
4 and 6 
0.4 
1.0 
0.4 
1.0 
lls 
Turn-Off 
Time 
tOFF( 


Charge 
Injection 
Q 
Figure 7, Tables 
1a and 1b 
55 
55 
pC 


Off Isolation 
OIRR 
VEN = OV, RL = 1kn, CL = 15pF, 
68 
68 
dB 
VIN = 7VRMS, f = 100kHz 


Logic 
Input 
Capacitance 
CIN 
f= 
1MHz 
5 
5 
pF 


with Switch 
Off 


Input Capacitance 
CS(OFF) 
VEN = OV, VIN = OV, f = 140kHz 
5 
5 
pF 
with Switch 
Off 


Output Capacitance 
VEN = OV, f = 140kHz, 
I 
MAX388 
25 
25 


with Switch Off 
CO(OFF) 
VOUT = OV 
I 
MAX389 
12 
12 
pF 


WJ1 Pulse Width 
tww 
Figure 
1 
300 
300 
ns 


A~N 
Data Valid 
tow 
Setup time, Figure 
1 
210 
180 
ns 
to 


Ax, EN Data Valid 
two 
Hold time, Figure 
1 
30 
10 
0 
ns 
afterWJ1 


'AS Pulse Width 
tRS 
VIN = 5V, Figure 
1 
500 
300 
ns 


SUPPLY 


Supply 
Range 
(Note 6) 
±4.5 
±18.0 
±4.5 
±18.0 
V 


Positive Supply 
1+ 
1.0 
2.0 
1.0 
20 
Current 


VEN = 2.4V, VA = OV or 5V 
mA 


Negative 
Supply 
1- 
1.2 
2.5 
1.2 
2.5 
Current 


Note 2: Leakage 
currents 
at TMIN guaranteed, 
but not tested. 


Note 3: Digital 
input leakage 
is primarily 
due to the clamp 
diodes. 
Typicalleackage 
is less than 1nA at +25'C. 


Note 4: When the analog 
signal exceeds 
+ 13.5V or -12V, the blocking 
action 
of Maxim's 
gate structure 
operates. 
Only leakage 
currents 
flow, and the channel 
on resistance 
rises. 


Note 5: The value shown is the steady-state 
value. 
The transient 
leakage 
is typically 
50llA 
See Detailed 
Description. 


Note 6: Electrical 
characteristics 
such as rOS(ON) will change 
when power supplies 
other than ±15V are used. 
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High- Voltage, Fault-Protected 
Analog Multiplexers 


G\ 
Typical Operating Characteristics 
CO 
Q 


FAULT VOLTAGE vs. FAULT CURRENT 


1000E-03 
1m 


TA +25°C 
; 
1.000E-04 
POWEROFF: V+ 
V- 
OV 
100~ 


POWERON: V+ 
15V 
1.000E-05 
V- 
-15V 
10~ 
~ 
POWEROFF 


CO 


;;;: 
1.000E-06 
1~ 
>- 
POWERON 
Q 


z: 
1.000E-07 
100n 
u.J 
a:: 
a:: 
::Ju 
1.000E-08 
10n 
i 


>--' 
::J 
<t: 
1000E-09 
1n 
u... 


1.000E-10 
100p 


1.000E-11 
10p 


1.000E-12 
1p 
-150 
-100 
-50 
0 
50 
100 
150 


FAULTVOLTAGE(V) 


OUTPUT LEAKAGE vs. OFF·CHANNEL 
OVERVOLTAGE WITH ±15V SUPPLIES 


FOS(ON) 


vs. ANALOG INPUT VOLTAGE 


6 


1.000 
5 


;;;: 
-s 
g 
4 
E 
0.100 
a 
>=' 
Z 
3 
=> 
9 
a 
U5"e 


0010 
2 


II 


±5V 
SUPPLIES 


I 
/ 


J 


±15V 


SUPPLIES 
\.. / / 
\ 
.-' 


0.001 


-120 
-90 
-60 
-30 
0 
30 
60 
90 
120 


VIN(OFF) (V) 


o 
-15 
-10 
-5 
0 
5 
10 
15 
20 


ANALOG INPUT(V) 


High-Voltage, 
Fault-Protected 


Analog Multiplexers 


______ 
Detailed Description 


Fault·Protection 
Circuitry 


The 
MAX388/MAX389 
are 
fully 
fault-protected 
for 


continuous 
input 
voltages 
up to ±100V, 
whether 
or 
not 
the 
V+ 
and 
V- 
power 
supplies 
are 
present 


VAH = +3.0V'hm\ 


ov 


+10V 
OUTA 


-10V 


(±115V 
with power 
off). 
These 
muxes 
use a "series 


FEr 
switching 
scheme 
that 
protects 
the mux out- 
put 
from 
overvoltage 
while 
limiting 
the 
input 
cur- 
rent to sub-microamp 
levels. 
Figures 
7 and 8 show 


input 
leakage-current 
levels 
during 
overvoltage 
(Figure 
7) and with 
power 
off (Figure 
8). 


INl 
IN2 


IN2-IN7 
A1~:' 
AO 
INS 


EN 
OUT 


RS 


r------, 


I 


1M 
: 


I 
I 


35pF 
I 
I 
I 


I 
I 


L __ -= __ 
..J 
- 


High-Voltage, 
Fault-Protected 


Analog Multiplexers 


VAH =+3V 


n" ( 
lADDRESS 
~DRIVE(VA) 


OUTPUT 


ENABLE DRIVE 


OV 


WR 
+3V 


+l5V 


OV 


SWITCH 
OUTPUT 
OV 
Va 


A2 
IN1 


IN2-IN7 


A1.N\AXIAII 


AO MAX388' 
INS 


EN 
OUT 


AS 


A2 
IN1 


.JMAXIAII 


MAX388' 
IN2-IN7 


V+ 


+2.4V 
EN 
IN1 OR IN1B 
+5V 


AO, A1, 
REMAINING 
(A2) 
SWITCHES 
-=- 


AS 
OUTB, OUT 
LOGIC 


LOGIC 
OUTPUT 


.N\AXIAII 


INPUT 
MAX388' 


AS 
WR 


-=- 
-=- 
-=- 


-=- 


• SIMILAR CONNECTION FOR MAX389 
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+JV 


RS 
+1.5V 


DV 


SWITCH 
OUTPUT Vo 


Vo 


~5D% 
~ 
~"1~ 
D.8Vo 


AS 
V+ 


AD 


A1 ~tJ3'tr 


A2 


EN 


Figures 9 and 10 show how the series FET circuit protects 
against 
overvoltage 
conditions. 
When power 
is off, the 


gates of all three FETs are at ground. 
With a -1OOVinput, 
N-channel 
FET 01 
is turned 
on by the +100V 
gate-to- 


source 
voltage. 
However, 
the P-channel 
device 
02 with 


a VGS of + 1OOV turns 
off, thereby 
preventing 
the input 


signal 
from reaching 
the output. 
If the input voltage 
is 
+ 100V, 01 has a negative 
VGS,which turns it off. Similar- 
ly, with overvoltage 
on the output, 
only 
sub-microamp 


leakage 
currents 
flow from the output 
back to the input, 
since overvoltages 
turn off either 01 or 02. 


Figure 
11 shows 
an off channel 
with V+ and V- present. 


As with 
Figures 
9 and 
10, either 
an 
N-channel 
or a 
P-channel 
device 
will be off for any input voltage 
from 


-1OOVto + 100V. The leakage 
current with negative 
over- 


EN 
IN1 OR IN1B 


AD, Al. 
REMAINING 


(A2) 
SWITCHES 


AS 
OUTB. OUT 


.MAXIAII 
MAX388 
lkI35pF 


SWITCH 
OUTPUT 
Vo 


+2.4V 
DV 


+5VOR DV 
AS 
V+ 


AD 
Al~tJ3'tr 


A2 


EN 


INl 
OUT 


WR 
10k 


-=- 
-=- 
DV -=- 
-=- 


voltages 
immediately 
drops to a few nanoamps 
at +25°C. 


The fault current for positive overvoltages 
is initially 40~ 


to 50!!A, 
decaying 
over a few seconds 
to the nanoamp 


level. 
The time constant 
of this decay 
is due to stored 


charge 
on 
internal 
nodes 
and 
does 
not 
compromise 


fault-protection. 


Figure 
12 shows an on channel 
with V+ and V- present. 


With input 
voltages 
less than ±10V, 
all three 
FETs are 


on, and the input 
signal 
appears 
at the output. 
If the 


input 
voltage 
exceeds 
V+ 
minus 
the 
N-channel 
threshold 
voltage 
(VTN), the N-channel 
FET will turn off. 


Since VTN is typically 
1.5V and the P-channel 
threshold 


voltage 
(VTP) is typically 
3V, the muxes' 
output 
swing 
is 


limited 
to approximately 
-12V to + 13.5V with ±15V sup- 


plies. 
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N-CHANNEL MOSFET1 1 
IS TURNED ON 
_ 
BECAUSE VGS = +1OOV - 


P-CHANNEL 
MDSFET 02 IS OFF 


+60V FORCED 
ON COMMON 
OUTPUT LINE 
BY EXTERNAL 


CIRCUITRY 


N-CHANNELMOSFETr 
T 
IS TURNED OFF 
BECAUSE VGS= +75V 


-15V FROM 
+15V FROM 
DRIVERS 
DRIVERS 


P-CHANNEL 
MOSFET IS OFF 


The Typical Operating 
Characteristics 
graphs show typical 
fault leakage vs. fau~ vo~age curves. The MAX388/MAX389 
muxes perform well up to the ±115V maximum rating, provid- 
ing an additional safety margin. 


Switching Characteristics 
and Charge Injection 


MAX388/MAX389 
channel-to-channel 
switching 
time is 
typically 
600ns, including 
approximately 
200ns of break- 


before-make 
delay. 
This 
delay 
prevents 
the input-to- 
input short that would 
occur 
if two input channels 
were 


simultaneously 
connected 
to the output. 
In a typical 
data-acquisition 
system (Figure 
13), the dominant 
delay 


is not the MAX388 
mux switching 
time, 
but the settling 


N-CHANNEL MOSFET1 


IS TURNED OFF 
_ 


BECAUSE VGS= -, OOV - 
L 


N-CHANNEL MDSFETr 


VrN = +1.5VT 
IS TURNED OFF 
------ 
BECAUSE VGS= +75V 


+15V FROM 
-15V FROM 


DRIVERS 
DRIVERS 


T 


time 
of the 
following 
amplifiers 
and 
sample-and-hold 


(S/H). 
Another 
limiting 
factor 
is the 
RC time 
constant 


formed 
by the mux 
rOS(ON)plus the signal 
source 
im- 


pedance 
times the load capacitance 
on the mux output. 


Even 
with 
low 
signal-source 
impedances, 
100pF 


capacitance 
on the mux output 
approximately 
doubles 


the settling time to 0.01% accuracy. 


Tables 2a and 2b show typical 
charge 
injection 
levels vs. 


power-supply 
voltage 
and analog 
input voltages. 
Note: 


Since 
channels 
are 
well 
matched, 
differential 
charge 


injection 
for 
the 
MAX389 
is typically 
less 
than 
5pC. 


Charge 
injection 
that occurs 
during 
switching 
creates 
a 


voltage transient 
with a magnitude 
inversely 
proportional 


to mux output capacitance. 
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Table la. 
MAX388 Truth Table 
Table lb. 
MAX389 Truth Table 


A2 
ON SWITCH 
A1 
ON SWITCH 


Latching 
Latching 


X 
Maintains previous 
X 
Maintains 
previous 


switch condition 
switch condition 


Reset 
Reset 


X 
NONE 
X 
NONE 
(latches 
cleared) 
(latches 
cleared) 


Transparent 
Operation 
Transparent 
Operation 


X 
X 
X 
0 
0 
NONE 
X 
X 
0 
0 
NONE 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
2 
0 
0 
2 


0 
0 
0 
3 
0 
0 
3 


0 
0 
4 
0 
4 


0 
0 
0 
5 


0 
0 
6 


0 
0 
7 


0 
8 


Operation from Supply Voltages 
Other than ± 15V 


The main limitation 
of supply 
voltages 
other than ±15V is 


a reduction 
in output signal range. 
The MAX388 limits the 


output voltage 
to typically 
1.5V below V+ and 3V above 


V-. Output swing is limited to +3.5Vto 
-2V when operating 


from ±5V. 
The Typical Operating 
Characteristics 
graphs 


show typical 
rOS(ON)for ±15V, ±1OV, and ±5V supplies. 
Operation 
is guaranteed 
for ±4.5V 
to ±18V 
supplies. 


Switching 
delays 
increase 
by a factor 
of two or more at 
±5V, but break-before-make 
operation 
is preserved. 


The MAX388/MAX389 
may be powered 
from a single +9V 


to +22V supply, as well as from unbalanced 
supplies 
such 


as +15V and -5V. Connect 
V- to OV when operating 
with 


a +9V 
to 
+22V 
single 
supply. 
The 
digital 
threshold 


remains 
approximately 
1.6V above 
GND, 
and 
analog 


characteristics 
(such as rOS(ON))are determined 
by total 


voltage 
difference 
between 
V+ and V-. 
This means the 


MAX388/MAX389 
operate with standard 
TIL logic levels, 
even with ±5V power supplies. 


Supply Voltage 
Analog I~ut 
Level 
Injected 
Charge 


(V) 
( ) 
(pC) 


1.7 
100 


±5 
0.0 
70 


-1.7 
45 


50 
200 


±10 
0.0 
130 


-5.0 
60 


10.0 
500 
±15 
0.0 
180 


-10.0 
50 


Test Conditions: 
CL ; 
1000pF on mux output; 
the tabulated 


analog 
input level is applied 
to channell; 
channels 
2 through 
8 


inputs are open circuited. 
EN; +5V, A 1 ; A2 ; OV, AO is tog- 


gled at 2kHz rate between 
OV and 3V. 
+ 1OOpC of charge 
creates 
a + 1OOmV step when injected 
into a 1000pF 
load 
capacitance. 
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Table 2b. 
MAX389 
Charge Injection 


Q; 


~ 
ClQ 
Qi 


Injected 
Charge 


Supply 
Analog 
(pC) 
Voltage 
Input Level 


(V) 
(V) 


OUTA 
OUTB 
Differential 
A-B 


1.7 
105 
107 
-2 
±5 
0.0 
73 
74 
-1 
-1.7 
48 
50 
-2 


5.0 
215 
220 
-5 
±10 
0.0 
135 
139 
-4 
-5.0 
62 
63 
-1 


10.0 
525 
530 
-5 
±15 
0.0 
180 
185 
-5 
-10.0 
55 
55 
0 


Test Conditions: 
CL = 1OOOpFon OUT A and OUTB; the tabu- 


lated analog 
input level is applied 
to inputs 
1A and 1B; chan- 


nels 2 through 
4 are open circuited. 
EN = +5V, A 1 = OV, AO is 
toggled 
from OV to 3V at a 2kHz rate. 


Digital-Interlace 
Levels 


The typical 
digital 
threshold 
of both the address 
lines 
and the Enable 
(EN) input 
is 1.6V, with a temperature 
coefficient 
of 
about 
-3mVrC. 
This 
ensures 
com- 
patibility 
with a 0.8V to 2.4V TTL logic 
swing 
over the 
entire temperature 
range. 
The digital 
threshold 
is rela- 


tively 
independent 
of 
the 
supply 
voltages, 
typically 


moving 
from 
1.6V to 1.5V as the power 
supplies 
are 
reduced 
from 
±15V 
to 
±5V. 
In 
all 
cases·, 
digital 
thresholds 
are referenced 
to GND. 


The digital 
inputs 
can also be driven 
with CMOS 
logic 
levels swinging 
from either V+ to V- or from V+ to GND. 


Digital 
input current 
is just a few nanoamps 
leakage 
at 
all input voltage 
levels, 
with a guaranteed 
maximum 
of 
1~A. 
The digital 
inputs 
are protected 
from 
ESD by a 


30V zener diode 
between 
the input and V+, and can be 
driven ±4V beyond 
the supplies 
without 
drawing 
exces- 
sive current. 


Operation as Demultiplexers 


The MAX388/MAX389 
function 
as demultiplexers 
when 
an input is applied 
to the Output 
(OUT) pin, and channel 
inputs are used as outputs. 
Break-before-make 
opera- 
tion and full fault protection 
are provided 
when operating 
as demultiplexers, 
unlike first-generation 
fault-protected 
muxes. 


Frequency 
(Hz) 
100k 
SOOk 
1M 


One Channel 
Driven (dB) 
74 
72 
66 


All Channels 
Driven (dB) 
64 
48 
44 


Test Conditions: 
VIN = 20Vp-p at the tabulated 
frequency, 


RL = 1.5k between 
OUT and GND, EN = OV. 


20V 
OIRR = 2010g -V 


OUT 


Frequency 
(Hz) 
100k 
SOOk 
1M 


FL = 1.5k (dB) 
70 
68 
64 


RL = 10k (dB) 
62 
46 
42 


Test Conditions: 
Specified 
RL connected 
from OUT to Ground, 


EN = +5V, AO = A 1 = A2 = +5V (channell 
selected). 
20Vp-p 


at the tabulated 
frequency 
is applied 
to channel 
2. All other 


channels 
are open circuited. 
Similar crosstalk 
rejection 
can be 


observed 
between 
any two channels. 


Leakage, Crosstalk, and Isolation 


At DC and low frequencies, 
channel-to-channel 
crosstalk 


is caused 
by variation 
in output 
leakage 
currents 
as the 
off-channel 
input voltages 
are varied. 
The MAX388 ouput 
leakage varies only a few picoamps 
as all seven off inputs 


are 
toggled 
from 
-10V 
to 
+ 1OV. 
The 
output 
voltage 


change 
depends 
on the impedance 
level at the MAX388 


output 
(rDS(ON)plus the input-signal 
source 
resistance), 


since 
the load driven 
by the MAX388 
is usually 
a high 
impedance. 
For a signal source 
impedance 
of 10kn 
or 
lower, DC crosstalk 
exceeds 
120dB. 


Tables 3a and 3b show typical AC crosstalk 
and off-isola- 
tion 
performance. 
Digital 
feedthrough 
is masked 
by 
analog 
charge 
injection 
when 
the 
output 
is enabled. 


When the output is disabled, 
digital feedthrough 
is virtual- 
ly unmeasurable, 
since 
the 
digital 
pins 
are physically 
isolated from the analog section 
by the GND and V- pins. 


The guard 
formed 
by these 
lines is continued 
onto the 
MAX388/MAX389 
die to provide 
over 
100dB 
isolation 
between 
the digital 
and analog 
sections 
at f = 100kHz. 
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+15V 


V+ 


IN1 
OUT 


IN2 


IN3 
.MAXIAII 
MAX388 


IN4 


IN5 


IN6 


IN7 


____ 
Applications 
Information 


Figure 
13 shows a typical 
data-acquisition 
system 
incor- 


porating 
the MAX388. 
Since the mux is driving a high-im- 


pedance 
input, 
the 
error 
is a function 
of the 
mux 
on 


resistance 
(rDS(ON))times the leakage 
current 
(loUT(oN)) 
and the amplifier 
bias current 
(IBIAS): 


VERR= [rDS(ON)][I0UT(ON)+ IBIAS(MAX420)] 
= (3kn) 
(2nA + 30pA) 


= 6.1lLV maximum 
error 


In most cases, this error is low enough 
that preamplifica- 


tion of input signals is not needed, 
even with very low-level 


signals, 
such as 40lLVrC 
from type J thermocouples. 


In systems with fewer than eight inputs, an unused 
chan- 


nel can be connected 
to the system 
ground 
reference 


point 
for software-zero 
correction. 
A second 
channel 


connected 
to the system 
voltage 
reference 
allows 
gain 


correction 
of the entire data-acquisition 
system as well. 


A MAX420 precision 
op amp is connected 
as a program- 


mable gain amplifier, 
with gains ranging 
from 1 to 10,000. 


1M 


INl 
lOOk 


au 
IN2 
.MAXIAII 
MAX328 
10k 


IN3 


IN4 
1k 


IN5 


V- 
GND 


11m 


-15V 
-=- 
-=- 


The guaranteed 
5lLV unadjusted 
MAX420 
offset voltage 


maintains 
high-signal 
accuracy, 
while 
programmable 


gain allows 
the output 
signal 
level to be scaled 
to the 


optimum 
range for the remainder 
of the data-acquisition 


system, 
normally 
an S/H and an ADC. 
Since the gain- 
changing 
mux is not connected 
to external 
sensors 
and 


this point in the circuit 
does not require 
fault protection, 


the MAX328 
low-leakage 
mux works well here. 


Input switching, 
however, 
needs fault protection 
to pro- 


vide the protection 
and isolation 
required 
for most data- 


acquisition 
inputs. 
Since 
external 
signal 
sources 
may 


continue 
to supply 
voltage when the system power is off, 
non-fault-protected 
muxes, or even first-generation 
fault- 


protected 
devices, 
allow many milliamps 
of fault current 


to flow from outside 
sources 
into the mux. 


The MAX388/MAX389 
eliminate 
these problems 
by limit- 
ing output 
voltage 
to safe levels (with or without 
power 


applied) 
and by turning 
all channels 
off when 
power 
is 


removed. 
Consequently, 
only sub-microamp 
fault cur- 


rents are maintained 
for continuous 
input 
levels 
up to 


±100V with power supplies 
off. 
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PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX389CPN 
O'C to+70'C 
18 Plastic DIP 


MAX389CJN 
O'C to+70'C 
18CERDIP 


MAX389C/D 
O'C to +70'C 
Dice' 


MAX389EPN 
-40'C 
to +8S'C 
18 Plastic 
DIP 


MAX389EJN 
-40'C 
to +8S'C 
18 CERDIP 


MAX389MJN 
-SS'C to + 12S"C 
18 CERDIP" 


• 
Contact 
factory 
for dice specifications. 


•• 
Contact 
factory 
for availability 
and processing 
to MIL-STO-883. 


TOPVIEW 


AS 


Al 


GND 


v+ 


IN1B 


IN2B 


IN3B 


IN4B 


DUTB 


DIE PAD # 
MAX388 
MAX389 


1 
WR 
WR 


2 
AO 
AO 


3 
EN 
EN 


4 
v- 
v- 


S 
INl 
IN1A 


6 
IN2 
IN2A 


7 
IN3 
IN3A 


8 
IN4 
IN4A 


9 
OUT 
OUTA 


10 
N.C. 
OUTB 


11 
IN8 
IN4B 


12 
IN7 
IN3B 


13 
IN6 
IN2B 


14 
INS 
IN1B 


lS 
v+ 
v+ 


16 
GND 
GND 


17 
A2 
N.C. 


18 
Al 
Al 


19 
RS 
RS 
L- 910---J 


.148" 


(3.759mm) 
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______ 
Genera' Description 


The DG401/DG403/DG405 
are dual high-speed 
analog 


switches. The DG401 and DG405 dual switches are nor- 
mally closed, 
(SPST, NC) and (DPST, NC), respectively. 


The DG403 
has one normally 
open 
and one normally 


closed pole (DPST). All three parts offer low on resistance 
(less than 350), 
low leakage (less than 250pA), and fast 
switching - turn-on time less than 150ns and turn-off time 
less than 100ns. 


The DG401/DG403/DG405 
are fabricated 
with Maxim's 


new improved silicon gate process for high system accu- 
racy. A 44V maximum 
breakdown 
voltage allows rail-to- 


rail switch-off 
blocking 
capability. 


These switches can be used with a single positive supply 
(+12V to +30V) or split supplies 
(±4.5V to ±20V) 
while 
retaining CMOS logic input compatibility 
and fast switch- 


ing. CMOS inputs provide reduced input loading and very 
low leakage currents. 
_________ 
.App'ications 


Sample-and-Hold 
Circuits 
Military Radios 


Test Equipment 
Communications 
Systems 


Winchester 
Disk Drives 
Battery-Operated 
Systems 


Heads-Up 
Displays 
PBX, PABX 


Guidance 
and Control Systems 


• 
rD9(ON) < 350 
• 
Leakage < 250pA 
• Single- or Bipolar-Supply Operation 


• TTLICMOS Logic Compatible 
• 
Rall-to-Rall Switch-Off Blocking Capability 


• 
Monolithic, Low-Power Design 
______ 
Ordering .nfonnation 


PART 
TEMP. RANGE 
PIN-PACKAGE 


DG401C/D 
O°C to +70°C 
Dice' 


DG401DJ 
-40°C to +85°C 
16 Plastic DIP 


DG401DY 
-40°C to +85°C 
16 Narrow SO 


DG401DK 
-40°C to +85°C 
16 CERDIP 


DG401AK 
-55°C to + 125°C 
16 CERDIP" 


DG401AZ. 
-55°C to + 125°C 
20 LCC" 


DG403C/D 
O°C to +70°C 
Dice' 


DG403DJ 
-40°C to +85°C 
16 Plastic DIP 


DG403DY 
-40°C to +85°C 
16 Narrow SO 


DG403DK 
-40°C to +85°C 
16 CERDIP 


DG403AK 
-55°C to + 125°C 
16 CERDIP". 


DG403AZ 
-55°C to + 125°C 
20 LCG" 


Ordering 
Information 
continued 
on last page. 
. Contact factory for dice specifications 
. 


.. Contact factory for availability 
and processing 
to 
MIL-STD-883. 


DIP/SO 


00401 


LOGIC 
SwrrCH 
o 
OFF 
1 
ON 


LOGIC 
o 
1 


DG405 


LOGIC 
I 
SWrrCH 


0 
I 


OFF 
1 
ON 


LCC on last page 
/vl/JXI/vl 
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is a registered 
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of Maxim Integrated 
Products, 
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Voltage 
Referenced 
to V· 
V+ 
. . . . . . . . . . 
. 
.44V 
GND 
. . . . . . . . . 
. •• . . . . . . . . . 
. .25V 
DigitallnputsVs' 
Vo(Note 
1) 
.V·-2VtoV+ 
+2Vor20mA 
(whichever 
occurs 
first) 


.......... 
. .30mA 


.......••.... 
20mA 


Continuous 
Power Dissipation 
(TA = +70°C) 
(Note 2) 


16-Pin Plastic 
DIP (derate 
7.5mW/oC above 
+70°C) 
.470mW 


16-Pin Narrow 
SO (derate 8.7mW/oC above 
+ 70°C) 
.. 696mW 


16-Pin CERDIP (derate 
10mWfC 
above 
+70°C) 
..... 
900mW 


20·Pin LCC (derate 
9.09mWfC 
above 
+70°C) 
. 727mW 


Operating 
Temperature 
Ranges: 


DG40_C 
, 
O°C to + 70°C 


DG40_D 
. 
-40°C to +85°C 


DG40_A 
.-55°C to + 125°C 


Storage 
Temperature 
Range 
.. -65°C to + 150°C 


Lead Temperature 
(soldering, 
10 sec) 
. +300°C 


Current 
(any terminal, 
except 
S or D) 


Continuous 
Current, 
S or D 
Peak Current, 
S or D 


(pulsed 
at 1ms, 10% duty cycle 
max) 


Note 
1: Signals 
on Sx, Dx or INx exceeding 
V+ or V- are clamped 
by internal 
diodes. 
Limit forward 
current 
to maximum 


current 
rating. 


Note 2: All leads are soldered 
or welded 
to PC board. 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and funclional 


operation 
of the device 
at these or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


PARAMETER 
SYMBOL 
CONOmONS 
TEMP. 
MIN 
TYP 
MAX 
UNITS 
RANGE 
(Note 
2) 


SWITCH 


Analog·Signal 
Range 
VANALOG 
(Note 3) 
-15 
15 
V 


~ =-10mA, 
TA=+25°C 
C,D 
20 
45 


A 
20 
35 
Drain-Source 
On Resistance 
rOS(ON) 
0= 
±10V, 


C,D 
55 
n 


V+ = 13.5V, V-=-13.5V 
TA = TMIN to TMAX 
A 
45 


6Drain·Source 
~ = -10mA, 
TA=+25°C 
3 


On Resistance 
(Note 4) 
6rOS(ON) 
0= 
5V, OV, or -5V, 
n 


V+ = 16.5V, V- = -16.5V 
TA = TM1Nto TMAX 
5 


Vo =+15.5V, 
TA = +25°C 
A 
...0.25 
...0.01 
0.25 


CD 
...0.50 
...0.01 
0.50 
Source·Off 
Leakage 
Current 
IS(OFF) 
Vs = ±15.5V, 


C,D 
20 
nA 


V+ = 16.5V, V- = -16.5V 
-20 
TA = TM1Nto TMAX 
A 
-20 
20 


Vo = ±15.5V, 
TA = +25°C 
A 
...0.25 
-D.Q1 
0.25 


Drain·Off 
Leakage 
Current 
IO(OFF) 
Vs = +15.5V, 
CD 
...0.50 
...0.01 
0.50 
nA 


V+ = 16.5V, V- = -16.5V 
C,D 
-20 
20 


TA = TM1Nto TMAX 
A 
-20 
20 


TA=+25°C 
C,D 
-1.0 
...0.04 
1.0 


IO(ON) 
Vo = ±15.5V, 
A 
...0.4 
...0.04 
0.4 
Channel·On 
Leakage 
Current 
IS(~N) 
Vs = ±15.5V, 


C,D 
-40.0 
nA 


V+ = 16.5V, V- = -16.5V 
40.0 


TA = TMIN to TMAX 
A 
-40.0 
40.0 


Dual High-Speed Analog Switches 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 15V, v- = -15V, vL = +5V, GND = OV, V'NH= +2.4V, 
V'NL= +0.8V, T. = T""N to T"""" unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 
2) 


INPUT 


Input Current 
with 
IINH 
IN_ = 2.4V, 
-1.000 
0.005 
1.000 
~A 
Input Voltage 
High 
all others 
= 0.8V 


Input Current 
with 
IINL 
IN_ = 0.8V, 
-1.000 
0.005 
1.000 
~A 
Input Voltage 
Low 
all others 
2.4V 


SUPPLY 


Power-Supply 
Range 
±4.5 
±20 
V 


1+ 
All channels 
on or off, 
TA = +25°C 
0.01 
1.00 
Positive 
Supply 
Current 
V1N = OV or 5V, 
~A 
V+ = 16.5V, V- = -16.5V 
TA = TMIN to TMAX 
5.00 


All channels 
on or off, 
TA = +25°C 
-1.00 
-o.Q1 


Negative 
Supply 
Current 
1- 
V1N = OV or 5V, 
~A 


V+ = 16.5V, V- = -16.5V 
TA = TMIN to TMAX 
-5.00 


All channels 
on or off, 
TA = +25°C 
0.01 
1.00 
Logic 
Supply 
Current 
IL 
V1N = OV or 5V, 


TA = TMIN to TMAX 
~ 
V+ = 16.5V, V- = -16.5V 
5.00 


All channels 
on or off, 
TA = +25°C 
-1.00 
-0.01 


Ground 
Current 
IGNO 
V1N = OV or 5V, 
~ 
V+ = 16.5V, V-=-16.5V 
TA = TM1Nto TMAX 
-5.00 


DYNAMIC 


Turn-On 
Time 
tON 
Figure 
1 
TA = +25°C 
100 
150 
ns 


Turn-Off 
Time 
tOFF 
Figure 
1 
TA = +25°C 
60 
100 
ns 


Break-Belore-Make 
to 
DG403 Only, 
TA = +25°C 
10 
20 
ns 
Time Delay (Note 3) 
Figure 2 


CL = 10nF, VGEN = OV, 
pC 
Charge 
Injection 
Q 
RGEN = on, 
TA = +25°C 
60 


Figure 
5 


011 Isolation 
(Note 5) 
OIRR 
RL = 100n, 
CL = 5pF, 
TA = +25°C 
72 
dB 
1= 1MHz, Figure 
4 


Crosstalk 
(Note 6) 
RL = 50n, 
CL = 5pF, 
TA = +25°C 
90 
dB 
1= 1MHz, Figure 
5 


Source-Off 
Capacitance 
CS(OFF) 
I = 1MHz, Figure 
6 
TA = +25°C 
12 
pF 


Drain-Off 
Capacitance 
CO(OFF) 
I = 1MHz, Figure 6 
TA = +25°C 
12 
pF 


Channel-On 
Capacitance 
CO(ON) 
I = 1MHz, Figure 
7 
TA = +25°C 
39 
pF 
CS(ON) 


Note 2: The algebraic 
convention, 
where the most negative 
value 
is a minimum 
and the most positive 
value a maximum, 
is used in 
this data sheet. 


Note 3: Guaranteed 
by design. 


Note 4: ArOS(ON)= ArDS(ON)MAX- ArDS(oNlMIN 
Note 5: See Figure 
4. Off isolation 
= 2010g1O VrJVs' VD = output, 
Vs = input to off switch. 
Note 6: Between 
any two switches. 
See Figure 
5. 


HI 


Dual High-Speed llnalog Switches 


DG401 
PIN 


DIP/SO 
LCC 
NAME 
FUNCTION 


1,8 
2,10 
01,02 
Drain 
Outputs 


2-7 
1,3-9,11,16 
N.C. 
No Connect 


9,16 
5,7,12,20 
52,51 
Source 
Outputs 


10,15 
13,19 
IN2,IN1 
Inputs 


11 
14 
V+ 
Positive 
Supply 
Voltage 
Input- 


connected 
to substrate 


12 
15 
Vl 
Logic 
Supply 
Voltage 


13 
17 
, 
GND 
Ground 


14 
18 
V- 
Negative 
Supply 
Voltage 
Input 


DG403/DG405 
PIN 
DIP/SO 
LCC 
NAME 
FUNCTION 


1,8,3,6 
2,4,8,10 
01-04 
Drain Outputs 


2,7 
1,3,6,9,11,16 
N.C. 
No Connect 


11 
14 
V+ 
Positive 
Supply 
Voltage 
Input- 


connected 
to substrate 


12 
15 
Vl 
Logic 
Supply 
Voltage 


13 
17 
GND 
Ground 


14 
18 
V- 
Negative 
Supply 
Voltage 
Input 


15,10 
19,13 
IN1,IN2 
Inputs 


16,9.4,5 
5,7,12,20 
51-54 
Source 
Outputs 


VS=+10V 


for ION 


LOGIC 
+3V 
Ir < 20ns 
VS=-10V 
+5V 


INPUT 
50% 
If < 20ns 
forlOFF 
VL 


OV 
SWITCH 
INPUT 
S1 
SWITCH 
Vs 
INPUT 


SWITCH 
OV 
LOGIC 


OUTPUT 
INPUT 


SWITCH 
INPUT 
-VS 


NOTE: 
LOGIC 
INPUT 
WAVEFORM 
IS INVERTED 
FOR 


SWITCHES 
THAT 
HAVE 
THE OPPOSITE 
LOGIC 


SENSE 
CONTROL. 


+:: 3:-5-00-Yo--t 
_ 


VS1 


SWITCH 
OV 


OUTPUT 
VS2 


+15V 
RL = 3000 
CL = 35pF 


OV 
-15V 


REPEAT 
TEST 
FOR 
IN2 AND 
S2 


FOR LOAD 
CONDITIONS, 
SEE Electrical 
Characteristics 


CL INCLUDES 
FIXTURE 
AND STRAY 
CAPACITANCE 


VO=VS 
RL 


RL + rDS(ON) 


VS1= 
+10V 


VS2= 
+10V 


RL = 3000 
CL = 35pF 


CL INCLUDES 
FIXTURE 
AND 
STRAY 
CAPACITANCE 


Dual High-Speed Analog Switches 


ANALYZER 


CHA 


CHB 


ANALYZER 


CHA 


CHB 


N.C. 
C 


~ 


T 


FREQUENCY 
SIGNAL 
ANALYZER 
TESTED 
GENERATOR 


100Hz TO 
HP3330B 
HP3571A 
13MHz 
AUTOMATIC 
TRACKING 
SYNTHESIZER 
SPECTRUM 
ANALYZER 


OFF ISOLATION 
= 20LOG 
~Vs 


FREQUENCY 
SIGNAL 
ANALYZER 
TESTED 
GENERATOR 


100Hz TO 
HP3330B 
HP3571A 
13MHz 
AUTOMATIC 
TRACKING 


SYNTHESIZER 
SPECTRUM 
ANALYZER 
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PART 
TEMP. 
RANGE 
PIN·PACKAGE 


DG405C/D 
O°C to +70°C 
Dice 


DG405DJ 
-40°C to +85°C 
16 Plastic 
DIP 


DG405DY 
-40°C to +85°C 
16 Narrow 
SO 


DG405DK 
-40°C to +85°C 
16 CERDIP 


DG405AK 
-55°C to + 125°C 
16 CERDlp·· 


DG405AZ 
-55°C to + 125°C 
20 LCe 


. Contact factory for dice specifications . 
.. Contact factory for availabifity and processing to 
MIL-STD-883. 


v- 


GND 


N.C. 


VL 
v+ 


16-Channel/Dual S-Channel High Performance 


CMOS Analog Multiplexers 


_______ 
General Description 


The DG406/DG407 
are monolithic 
CMOS analog 
multi- 
plexers 
(muxes). 
The DG406 is a single-ended 
1-01-16 
device, and the DG407 is a differentiaI2-of-8 
device. Both 
are pin and functionally 
compatible 
with the industry- 


standard 
DG506A/DG507 A. 


The DG406/DG407 
are fabricated 
with Maxim's new im- 
proved 
silicon 
gate 
process. 
Both 
parts 
offer 
low on 


resistance (100Q max), improved 
leakage over tempera- 
ture, low power consumption 
(ISUPPLY = 75lJA max) and fast 


switching speeds (tTRANS = 250ns max). The 44V maximum 
breakdown 
voltage allows switch-off 
blocking 
capability 
rail-to-rail. 


These muxes can be used with a single positive supply 
(+12V to +30V) or split supplies 
(±4.5V 
to ±20V) 
while 
retaining 
CMOS logic input compatibility. 
CMOS inputs 
provide 
reduced 
input loading. 


Sample-and-Hold 
Circuits 


Test Equipment 


Winchester 
Disk Drives 


Heads-Up 
Displays 


Guidance 
and Control Systems 


Military Radios 


Communications 
Systems 


Battery-Operated 
Systems 


PBX,PABX 


GND 
, 


N.C. 
, 


A3 
, 


• 
rOS(ON): 100Q Max, MDS(ON): 
15Q Max 


• 
~RANS: 
250ns Max 


• 
Leakage - TA = T MIN to T MAX 


'StOFF): 50nA Max 


ID(OFF): 100nA Max (DG407), 200nA Max (DG406) 


I-{ON): 100nA Max (DG407), 200nA Max (DG406) 


• Q: 20pCTyp 


• 
ISUPPLY: 
75!1A Max 
• 
Single- or Bipolar-Supply 
Operation 


• TTUCMOS 
Logic Compatible 


______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


DG406C/D 
O°C to +70°C 
Dice' 


DG406DJ 
-40°C to +85°C 
28 Plastic DIP 


DG406DN 
-40°C to +85°C 
28 PLCC 


DG406DK 
-40°C to +85°C 
28 CERDIP 


DG406AK 
-55°C to + 125°C 
28 CERDIP" 


DG407C/D 
O°C to +70°C 
Dice' 


DG407DJ 
-40°C to +85°C 
28 Plastic DIP 


DG407DN 
-40°C to +85°C 
28 PLCC 


DG407DK 
-40°C to +85°C 
28 CERDIP 


DG407AK 
-55°C to + 125°C 
28 CERDIP" 


· Contact factory for dice specifications 
. 
.. Contact factory for availability 
and processing 
to 
MIL-STD-883 


AQ 
A1 
A2 
A3 
EN 


DG40616-CHANNEL SINGLE·ENDED MULTIPLEXER 
OG407 on last page 


/"'I/J Xl/"'. 
/VI/J X I/VI 
is a registered 
trademark 
of Maxim Integrated 
Products. 
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16-ChannellDual 
S-Channel High Performance 


CMOS Analog Multiplexers 


ABSOLUTE 
MAXIMUM 
RATINGS 


Voltage 
Referenced 
to v- 


v+ 
44V 


GND 
. .. 25V 


Digital 
Inputs VS' VD(Note 
1) 
. V- -2V to V+ +2Vor 
30mA 
(whichever 
occurs 
first) 


... 
30mA 


.............. 
20mA 


Continuous 
Power Dissipation 
(T. = +70°C) 
(Note 2) 


28-Pin 
Plastic 
DIP (derate 
9.09mW/oC 
above 
+70°C) 
.. 727mW 


28-Pin 
PLCC (derate 
10.53mWrC 
above 
+70°C) 
..... 
842mW 


28-Pin CERDIP (derate 
16.67mWrC 
above 
+70°C) 
.. 1333mW 


Operating 
Temperature 
Ranges: 


DG406/407C/D 
. . . . . . . . . . . . . 
. .O°C to + 70°C 


DG406/407D_ 
. . . . . . . . . . . . 
.-40°C to +85°C 


DG406/407AK 
-55°C to +125°C 


Storage 
Temperature 
Range 
-65°C to +150°C 


Lead Temperature 
(soldering. 
10 sec) 
+300°C 


Current 
(any terminal, 
except 
S or D) 


Continuous 
Current, 
S or 0 
Peak Current, 
S or 0 


(pulsed 
atlms, 
10% duty cycle 
max) 


Note 
1: Signals 
on Sx, Ox, or INx exceeding 
V+ or V- are clamped 
by internal 
diodes. 
Limit forward 
current 
to maximum 
current 
ratings. 


Note 2: All leads 
are soldered 
or welded 
to PC board. 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only. and functional 


operation 
of the device 
at these or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliabifity. 


ELECTRICAL 
CHARACTERISTICS 
(Dual Supplies) 


(V+ = 15V, V- = -15V, GND = OV, v"" = +2.4V, vAl. = +O.8V. T. = TM'N to TMAX• unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 3) 


SWITCH 


Analog 
Signal 
Range 
VANALOG (Note 4) 
-15 
15 
V 


Is = -10mA. 
TA = +25°C 
50 
100 
Drain-Source 
On Resistance 
roS(ON) 
Vo = ±10V 
n 


TA = TMIN to TMAX 
125 


rOS(ON) Matching 
·<lrOS(ON) Vo = ±10V 
TA=+25°C 
15 
n 
Between 
Channels 
(NoteS) 


Vo = ±10V, 
TA=+25°C 
-D.5 
0.5 
Source-Off 
Leakage 
Current 
IS(OFF) 
Vs = '" 10V, 
nA 


VEN = OV 
TA = TMIN to TMAX 
-50 
50 


TA = +25°C 
-2 
2 


DG406 
nA 


Vs = ±10V, 
TA = TMIN to TMAX 
-200 
200 


Drain-Off 
Leakage 
Current 
IO(OFF) 
Vo = ",10V, 
VEN = OV 
TA=+25°C 
-2 
2 


DG407 
nA 


TA = TM1Nto TMAX 
-100 
100 


, 


TA = +25°C 
-2 
2 


DG406 
nA 


'D(ON) 


Vo = ±10V, 


TA = TMIN toT MAX 
-200 
200 
Vs = ±10V. 
Drain-On 
Leakage 
Current 
+ 
sequence 
IS(ON) 
TA = +25°C 
-2 
2 
each switch 
on 
DG407 
nA 


TA = TM1NtoTMAX 
-100 
100 


16-ChannellDual a-Channel High Performance 


CMOS Analog Multiplexers 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 15V, v- = -15V, 
GND = OV, VAH = +2.4V, 
VAL = +O.8V, 
TA = TMINto TMAX' unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


,. 
(Note3) 


INPUT 


Input Current 
with 
IAH 
VA; 
2.4V, 15V 
-10 
10 
~A 
Input Voltage 
High 


Input Current 
with 
IAL 
VEN ; OV, 2.4V, 
-10 
10 
~A 
Input Voltage 
Low 
VA; 
OV 
. 


SUPPLY 


Power-Supply 
Range 
I 
±4.5 
±20 
V 


Positive 
Supply 
Current 
1+ 
VEN; 
VA; 
OV 
75 
~A 


Negative 
Supply 
Current 
1- 
VEN; 
VA; 
OV 
-75 
~A 


Positive 
Supply 
Current 
1+ 
VEN; 
2.4V, 
TA; 
+25°C 
0.5 
mA 
VA; 
OV 
TA ; TMIN to TMAX 
2 


Negative 
Supply 
Current 
1- 
VEN; 
2.4V, 
-500 
~A 
VA; 
OV 


DYNAMIC 


Transition 
Time 
tTRANS 
Figure 
1 
TA; 
+25°C 
250 
ns 


Break-Before-Make 
Interval 
tOPEN 
Figure 
2 
TA; 
+25°C 
10 
ns 


Enable 
Turn-On 
Time 
tON(EN) 
Figure 
3 
TA; 
+25°C 
200 
ns 


Enable 
Turn-Off 
Time 
tOFF(EN) 
Figure 3 
TA; 
+25°C 
150 
ns 


CL; 
1nF, 


TA; 
+25°C 
Charge 
Injection 
Q 
VS; 
OV, 
20 
pC 


Rs; 
on 


VEN; 
OV, 
TA; 
+25°C 
--B5 
dB 
Off Isolation 
(Note 6) 
RL; 
1kn, 


f; 
100kHz 


Logic 
Input Capacitance 
CIN 
f; 
1MHz 
TA; 
+25°C 
8 
pF 


Source-Off 
Capacitance 
CS(OFF) 
f; 
1MHz, 
TA;+25°C 
11 
pF 
VEN; 
Vs; 
OV 


Drain-Off 
Capacitance 
CO(OFF) 


f; 
1MHz, 
DG406 
70 
VEN; 
Vo; 
OV 
DG407 
TA; 
+25°C 
35 


pF 


Channel-On 
Capacitance 
CO(ON) 
f; 
1MHz, 
DG406 
100 


CS(ON) 
VEN; 
Vo; 
OV 
DG407 
TA; 
+25°C 
50 


pF 
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ELECTRICAL 
CHARACTERISTICS 
(Single Supply) 
I'. 
(V+ = 12V, 
v- = av, 
GND = av, 
VAH = +2.4V, 
VAL = +a,8V, 
TA = TM1Nto TMAX,unless otherwise 
noted,) 
a 


~ 


~ag 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 
3) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
(Note 4) 
TA = +25°C 
0 
12 
V 


Drain-Source 
On Resistance 
rOS(ON) 
~ =-1mA, 
TA = +25°C 
90 
0 
o=3V,10V 


DYNAMIC 


Figure 
1, 


Transition 
Time 
tTRANS 
VS1 = av, 
TA = +25°C 
300 
ns 
VS8 = OV, 
V1N = 2.4V 


Figure 3, 


Enable 
Turn-On 
Time 
tON(EN) 
V1NH= 2.4V, 
TA = +25°C 
250 
ns 
V1NL = OV, 
VS1 = 5V 


Figure 3, 


Enable 
Turn-Off 
Time 
IoFF(EN) 


V1NH = 2.4V, 


TA = +25°C 
150 
ns 
V1NL = OV, 
VS1 = 5V 


CL = 1nF, 


pC 
Charge 
Injection 
Q 
Vs = 6V, 
TA = +25°C 
5 


RS = 00 


Note 3: The algebraic 
convention, 
where 
the most negative 
value is a minimum 
and the most positive 
value a maximum, 
is used in 
this data sheet. 


Note 4: 
Guaranteed 
by design, 


Note 5: t.rOS{ON) = t.rOS{ON)MAX 
- MoS{oNlMIN 


Note 6: Worst-case 
isolation 
is on channel 
4 because 
of its proximity 
to the drain 
pin, Off isolation 
= 2010g,0 VrJVs' Vo = output, 


Vs = input to off switch, 


A3 
A2 
A1 
AO 
EN 
ON 
Swi1ch 


X 
X 
X 
X 
0 
None 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
1 
2 


0 
0 
1 
0 
1 
3 


0 
0 
1 
1 
1 
4 
0 
1 
0 
0 
1 
5 


0 
1 
0 
1 
1 
6 
0 
1 
1 
0 
1 
7 
0 
1 
1 
1 
1 
8 
1 
0 
0 
0 
1 
9 
1 
0 
0 
1 
1 
10 


1 
0 
1 
0 
1 
11 
1 
0 
1 
1 
1 
12 


1 
1 
0 
0 
1 
13 
1 
1 
0 
1 
1 
14 
1 
1 
1 
0 
1 
15 
1 
1 
1 
1 
1 
16 


,A2 
A1 
AO 
EN 
ON 
Switch 


X 
X 
X 
0 
None 
0 
0 
0 
1 
1 


0 
0 
1 
1 
2 


0 
1 
0 
1 
3 


0 
1 
1 
1 
4 


1 
0 
0 
1 
5 


1 
0 
1 
1 
6 


1 
1 
0 
1 
7 


1 
1 
1 
1 
8 
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SWITCH 
OUTPUT 


Vo 


LOGIC 
+3V 


INPUT 
OV 


VSl 
S1 


+15V 
SWITCH 
OV 
OUTPUT 
Vss 


SWITCH 
'TRANS 
OUTPUT 


Vo 


\ 


Ir<20ns 
. 
If < 20ns 


+3V --.J 
LOGIC 
+5V 
INPUT 
OV 


SWITCH 
OUTPUT 
Vs 
Vo 
80% 


SWITCH 
OUTPUT 
Vo 
OV 


-5V 


SWITCH 
OUTPUT 
Vo 
+3V 
LOGIC 
I 35pF 
INPUT 
OV 


= 
+15V 
OV 


SWITCH 


-<>V 
OUTPUT 
Vo 
SWITCH 
Vo 
OUTPUT 


VOb 


135pF 


- 
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Pin Configurations (continued} 
0 
TOPVIEW 
TOPVIEW 


~ 


<D 
c..i 
c..i 
" 


(f) 


Ui 
z z 
" 


(f) 
'" 
> 
0 
> 
CfJ 
v- 
4 
3 
2 
1 
28 
27 
26 


~ 


N.C. 
58a 
' 
, 


58b 
• 
57a 
515 
5 
2557 
... 
0 


S6a 
5146 
2456 


~ 


55a 
513 
7 
2355 
c:s 


S4a 
AIIAXUM 


512 
8 
DG406 
22 
S4 
Q 


52a 
511 
9 
21 
53 


510 
10 
20 
52 


59 
11 
19 51 


12 
13 
14 
15 
16 
17 
18 
0 
c..i 
'" 
~ 
;;( 
0 
z 
z 
Z 
< 
< 
w 
Cl 


DIP/SO 
PLCC 


_ Functional Diagrams (continued} 


TOPVIEW 
v+ 
v- 
GND 


.0 
c..i 
.0 
" 
'" 


(f) 
'" 
'" 
z 
" 


(f) 
'" 
CfJ 
0 
> 
0 
> 
CfJ 


4 
3 
2 
1 
28 
27 
26 
51a 
52a 


, 
, ~ 
:\ 
53a 
54a 
Da 
5Th 
5 
25 
57a 
55a 
... 


56a 
S6b6 
24 
56a 
57a 
sea 
55b 
7 
23 
55a 
51b 
AllAXUM 
52b 
54b 
8 
00407 
22 
S4a 
S3b 
S4b 
Db 
S3b 
9 
21 
S3a 
55b 
56b 
52b 
10 
20 
52a 
5Th 
S8b 


51b 
11 
1951a 
.......- 
"/ 


12 
13 
14 
15 
16 
17 
18 
0 
c..i 
c..i 
~ 
;;( 
0 
z 
z 
Z 
Z 
< 
w 
Cl 
AO 
A1 
A2 
EN 
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S·ChannellDual 4·Channel High Performance 


CMOS Analog Multiplexers 


_______ 
General Description 


The DG408 
and 
DG409 
are monolithic 
CMOS 
analog 


multiplexers 
(muxes). The DG408 is a single-ended 
1-of- 


8 device, 
and the DG409 is a differential 
2-of-4 device. 


Both devices are pin and functionally 
compatible 
with the 


industry standard 
DG508NDG509A. 


The 
DG408/DG409 
are fabricated 
with 
Maxim's 
new 


improved silicon gate process. These muxes offer low on 
resistance (100n max), low leakage over temperature,low 
power consumption 
(ISUPPLY 
= 75J.!A), and fast switching 


speeds 
(t,.RANS = 250ns max). The 44V maximum 
break- 


down 
voltage 
allows 
rail-to-rail 
switch-off 
blocking 


capability. 


The DG408/DG409 
can be used with a single 
positive 


supply (+ 12V to +30V) or split supplies 
(±4.5V to ±20V) 


while retaining 
CMOS logic input compatibility 
and fast 


switching. 
CMOS inputs provide 
reduced 
input loading. 


Sample-and-Hold 
Circuits 


Test Equipment 


Winchester 
Disk Drives 


Heads-Up 
Displays 


Guidance 
and Control Systems 


Military Radios 


Communications 
Systems 


Battery-Operated 
Systems 


PBX,PABX 


15 
A2 


GND 


/~I/J XI/~I 


..IVI..IJ X I..IVI 
is a registered 
trademark 
of Maxim Integrated 
Products. 


• 
rDS(OH):100n 
Max 


• 
L.RAHS:250n5 
Max 


• 
LlrDS(OH):15n 
Max 


• 
Leakage 
- T•. = TMINto TMAX 


1S(0ff):SOnA Max 


ID(OFFl:100nA 
Max (DG409), 
200nA 
Max (DG408) 


I_(ON):100nA 
Max (DG409), 
200nA 
Max (DG408) 


• 
Q:20pCTyp 


• 
Single-Supply 
Operation 
(+12V 
to +30V) 
Bipolar-Supply 
Operation 
(±4.5V 
to ±20V) 


• 
TTLICMOS 
Logic 
Compatible 


• 
Rall-to-Rail 
Switch-Off 
Blocking 
Capability 


PART 
TEMP. RANGE 
PIN-PACKAGE 


DG408C/D 
O°C to +70°C 
Dice 


DG408DJ 
-40°C to +85°C 
16 Plastic DIP 


DG408DY 
-40°C to +85°C 
16 Narrow SO 


DG408DK 
-40°C to +85°C 
16CERDIP 


DG408AK 
-55°C to + 125°C 
16 CERDIP" 


DG409C/D 
O°C to +70°C 
Dice' 


DG409DJ 
-40°C to +85°C 
16 Plastic DIP 


DG409DY 
-40°C to +85°C 
16 Narrow SO 


DG409DK 
-40°C to +85°C 
16 CERDIP 


DG409AK 
-55°C to + 125°C 
16CERDIP" 


· Contact 
factory for dice specifications 
. 
.. Contact 
factory for availability 
and processing 
to 


MIL-STD-883. 


AllAXlAII 


00408 


- 


8-Channel/Dual 4-Channel High Performance 
CMOS Analog Multiplexers 


Voltage 
Referenced 
to v- 
v+. 
. 
. 
GND 
. 


Digital 
Inputs Vs' VD (Note 
1) 


Continuous 
Power Dissipation 
(TA ; 
+70°C) (Note 2) 


16-Pin Plastic 
DIP (derate 
7.5 mWrC 
above 
+70°C) 
.. 
470mW 


16-Pin Narrow 
SO (derate 
8.7mW/oC 
above 
+70°C) 
.. 
696mW 


16-Pin CERDIP 
(derate 
10mW/oC above 
+70°C) 
.. 
900mW 


Operating 
Temperature 
Ranges: 


DG408/DG409C_ 
O°C to + 70°C 


DG408/DG409D_ 
-40°C to +85°C 


DG408/DG409AK 
-55°C to + 125°C 


Storage 
Temperature 
Range 
-65°C to + 150°C 


Lead Temperature 
(soldering, 
10 see) 
. . . 
. . +300°C 


. 
44V 


. 
25V 


. V- -2V to V+ +2V or 30mA 


(whichever 
occurs 
first) 
Current 
(any terminal, 
except 
S or D) 
30mA 


Continuous 
Current. 
S or 0 
,. 
. 20mA 


Peak Current, 
S or 0 


(pulsed 
at 1 ms, 10% duty cycle 
max) 


Note 
1: Signals 
on Sx, Ox, or INx exceeding 
V+ or V- are clamped 
by internal 
diodes. 
Limit forward 
current 
to maximum 


current 
ratings. 
Note 2: All leads 
are soldered 
or welded 
to PC board. 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only. and 
functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
raling 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Dual Supplies) 


(V+ = 15V, V- = -15V, 
GND = OV, VI>J1 = +2.4V, 
VAL = +O.8V, 
TA = TMINto TMAX'unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 
3) 


SWITCH 


Analog 
Signal 
Range 
VANALOG (Note 4) 
-15 
15 
V 


Is; 
-10mA, 
TA; 
+25°C 
40 
100 


Drain-Source 
On Resistance 
rDS(ON) 
VD; 
±10V 
n 


TA ; TMIN to TMAX 
125 


rDS(ON) Matching 
6rDS(ON) 
VD; 
±10V 
TA;+25°C 
15 
n 


Between 
Channels 
(Note 5) 


VD ;'fl0V, 
TA; 
+25°C 
-0.5 
0.5 


Source-Off 
Leakage 
Current 
IS(OFF) 
VS; 
±10V, 
nA 


VEN; 
OV 
TA; 
TM1Nto TMAX 
-50 
50 


VS; 
±10V, 
TA; 
+25°C 
-1 
1 


VD ;'fl0V, 
OG408 
VEN; 
OV 
TA; 
TM1Nto TMAX 
-100 
100 


Drain-Off 
Leakage 
Current 
ID(OFF) 
nA 


Vs ;'fl0V, 
TA; 
+25°C 
-1 
1 


VD; 
±10V, 
OG409 
VEN; 
OV 
TA ; TMIN to TMAX 
-50 
50 


VD; 
±10V, 


TA;+25°C 
-1 
1 


IO(ON) 


OG408 


VS; 
±10V, 
TA ; TMIN to TMAX 
-100 
100 
Drain-On 
Leakage 
Current 
+ 
nA 


IS(ON) 
sequence 
TA; 
+25°C 
-1 
1 


each switch 
on 
OG409 


TA; 
TM1Nto TMAX 
-50 
50 


B-Channel/Dual 4-ehannel High Performance 


CMOS Analog Multiplexers 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ 
= 15V. v- = -15V, 
GND = OV, v.., = +2.4V. 
VAL = +O.8V. 
TA = TM1Nto TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


I 
(Note 3) 


INPUT 


Input Current 
with 
IAH 
VA = 2.4V. 15V 
-10 
10 
l!A 
Input Voltage 
High 
I 


Input Current 
with 
IAL 
VEN = OV, 2.4V 
-10 
10 
l!A 
Input Voltage 
Low 
VA = OV 


SUPPLY 


Power-Supply 
Range 
±4.5 
±20 
V 


Positive 
Supply 
Current 
1+ 
VEN = VA = OV 
75 


Negative 
Supply 
Current 
1- 
VEN = VA = OV 
l!A 
-75 


VEN = 2.4V, 
TA = +25°C 
0.5 
mA 
Positive 
Supply 
Current 
1+ 
VA = OV 
TA = TMIN to TMAX 
2 


Negative 
Supply 
Current 
1- 
VEN = 2.4V, 
-500 
l!A 


VA = OV 


DYNAMIC 


Transition 
Time 
tTRANS 
Figure 
1 
250 
ns 


Break-Belore-Make 
Interval 
tOPEN 
Figure 
2 
TA = +25°C 
10 
ns 


TA = +25°C 
150 
Enable 
Turn-On 
Time 
tON(EN) 
Figure 3 
ns 


TA = TM1Nto TMAX 
225 


Enable 
Turn-Off 
Time 
tOFF(EN) 
Figure 
3 
TA = +25°C 
150 
ns 


Charge 
Injection 
Q 
CL = 10nF, 
Vs = OV, 
TA=+25°C 
20 
pC 


Rs=OQ 


Off Isolation 
(Note 6 ) 
VEN = OV, 
RL = 1kQ, 
TA = +25°C 
-75 
dB 
I = 100kHz 


Logic 
Input Capacitance 
CIN 
1= 1MHz 
TA = +25°C 
B 
pF 


Source-Off 
Capacitance 
CS(OFF) 
1= 1MHz, 
TA=+25°C 
11 
pF 
VEN = Vs = OV 


Drain-Off 
Capacitance 
CO(OFF) 
1= 1MHz, 
DG40B 


TA=+25°C 
40 


VEN = Vo = OV 
pF 
DG409 
20 


Channel-On 
Capacitance 
CO(ON) 
1= 1MHz, 
DG408 
54 


CS(ON) 
VEN = Vo = OV 
DG409 
TA = +25°C 


34 


pF 
- 


B·Channel/Dual 4·Channel High Performance 
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ELECTRICAL 
CHARACTERISTICS 
(Single Supply) 


(V+ = 12V, v- = OV, GND = OV, VAH = +2.4V, 
VAL = +O.8V, 
TA = TM1Nto TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 
3) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
(Note 3) 
0 
12 
V 


Drain-Source 
On Resistance 
rDS(ON) 
Is = -1mA, 
TA = +25°C 
90 
n 
VD = 3V, 10V 


DYNAMIC 


Figure 
1, 


Transition 
Time 
tTRANS 
VS1 = 8V, 
TA = +25°C 
180 
ns 
VS8 = OV, 
V1N = 2.4V 


Figure 
3, 


Enable 
Turn-On 
Time 
IoN(EN) 
V1NH = 2.4V, 
TA = +25°C 
180 
ns 
V1NL = OV, 
VS1 = 5V 


Figure 3, 


Enable 
Turn-Off 
Time 
IoFF(EN) 
V1NH = 2.4V, 
TA=+25°C 
120 
ns 


V1NL = OV, 
VS1 = 5V 


Charge 
Injection 
CL = 10nF, 


TA=+25°C 
5 
Q 
Vs = OV, 
pC 


RS=On 


Note 3: The algebraic 
convention, 
where 
the most negative 
value 
is a minimum 
and the most positive 
value a maximum, 
is used in 
this data sheet. 


Note 4: 
Guaranteed 
by design. 


Note 5: .lr DS(ON)= .lr DS(ONIMAX-.lr 
DS(oNIMIN 
Note 6: Worst-case 
isolation 
is on channel 
4 because 
of its proximity 
to the drain 
pin. Off isolation 
= 2010g,o VolVs' 


VD = output, 
Vs = input to off switch. 


DG408 


PIN 
NAME 
FUNCTION 


1,16,15 
AO, A1, A2 
Address 
Inputs 


2 
EN 
Enable 
Input 


3 
V- 
Negative 
Supply 
Voltage 
Input 


4-7,12-9 
S1-S8 
Source 
Outputs 


8 
D 
Drain Output 


13 
V+ 
Positive 
Supply 
Voltage 
Input 


14 
GND 
Ground 


DG409 


PIN 
NAME 
FUNCTION 


1,16 
AO,A1 
Address 
Inputs 


2 
EN 
Enable 
Input 


3 
V- 
Negative 
Supply 
Voltage 
Input 


4-7 
S1a-S4a 
Source 
Outputs 


8,9 
Da,Db 
Drain Outputs 


13-10 
S1b-S4b 
Source 
Outputs 


14 
V+ 
Positive 
Supply 
Voltage 
Input 


15 
GND 
Ground 


On 
A2 
A1 
AO 
EN 
Switch 


X 
X 
X 
0 
None 


0 
0 
0 
1 
1 


0 
0 
1 
1 
2 


0 
1 
0 
1 
3 


0 
1 
1 
1 
4 


1 
0 
0 
1 
5 


1 
0 
1 
1 
6 


1 
1 
0 
1 
7 


1 
1 
1 
1 
8 


On 
A1 
AO 
EN 
Switch 


X 
X 
0 
None 


0 
0 
1 
1 


0 
1 
1 
2 


1 
0 
1 
3 


1 
1 
1 
4 


SWITCH 
OUTPUT 


Vo 


LOGIC 
.3V--- 


50% 
50% 
INPUT 
OV 


VS1 
S1 
= 
+15V 
SWITCH 
OV 
OUTPUT 


Vsa 


SWITCH 
'TRANS 
OUTPUT 


Vo 


_______ 
tr < 20n5 


\ 


If <20n5 
-- 


.3V ---l 
LOGIC 


.5V 
INPUT 
OV 


SWITCH 
OUTPUT 
Vs 
Vo 
80% 


SWITCH 
I 35pF 
OUTPUT 
Vo 
OV 


- 


S-ChannellDual 
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-5V 


SWITCH 
OUTPUT 


Vo 
+3V 
LOGIC 
I 35pF 
INPUT 
OV 


+15V 
OV 


SWITCH 
-5V 
OUTPUT 
Vo 
SWITCH 
Vo 
OUTPUT 


VOb 
I 35pF 


.NIAXIAIl 


DG409 


~I'I~JXI~I'I 


Quad SPST Precision Analog Switches 


_______ 
General Description 


The DG411/DG412/DG413 
are quad, single-pole-single- 


throw (SPST) precision 
analog switches. 
The DG411 is 


normally closed (SPST, NC), while the DG412 is normally 
open (SPST, NO). 
The DG413 has two normally open 


and two normally closed switches. 
All three parts offer 


low on resistance (less than 35Q), low leakage (less than 
250pA), and fast switching times - turn-on time less than 
175ns and turn-off time less than 145ns 


The DG411/DG412/DG413 
are fabricated 
with Maxim's 


new improved silicon gate process. 
And a 44V maximum 


breakdown 
voltage allows rail-to-rail switch-off 
blocking 


capability. 


These devices can be used with a single positive supply 
(+ 12V to +30V) or split supplies 
(±4.5V to ±20V) while 
retaining CMOS logic input compatibility 
and fast switch- 
ing. 
CMOS inputs provide 
reduced 
input loading 
and 


very low leakage currents. 


Sample-and-Hold 
Circuits 


Guidance 
and Control Systems 


Winchester 
Disk Drives 


Heads-Up 
Displays 


Test Equipment 


Military Radios 


Communications 
Systems 


Battery-Operated 
Systems 


PBX,PABX 


• 
rDS{ON) < 35Q 
• 
Leakage 
< 250pA 


• 
Single- 
or Bipolar-Supply 
Operation 


• 
TTUCMOS 
Logic 
Compatible 


• 
Rail-to-Rail 
Switch-Off 
Blocking 
Capability 


• 
Monolithic, 
Low-Power 
Design 


PART 
TEMP. RANGE 
PIN·PACKAGE 


DG411C/D 
O°C to +70°C 
Dice 


DG411DJ 
-40°C to +85°C 
16 Plastic DIP 


DG411DY 
-40°C to +85°C 
16 Narrow SO 


DG411DK 
-40°C to +85°C 
16 CERDIP 


DG411AK 
-55°C to + 125°C 
16 CERDIP" 


DG412C/D 
O°C to +70°C 
Dice 


DG412DJ 
-40°C to +85°C 
16 Plastic DIP 


DG412DY 
-40°C to +85°C 
16 Narrow SO 


DG412DK 
-40°C to +85°C 
16 CERDIP 


DG412AK 
-55°C to + 125°C 
16CERDIP" 


DG413C/D 
O°C to +70°C 
Dice 


DG413DJ 
-40°C to +85°C 
16 Plastic DIP 


DG413DY 
-40°C to +85°C 
16 Narrow SO 


DG413DK 
-40°C to +85°C 
16 CERDIP 


DG413AK 
-55°C to + 125°C 
16 CERDIP" 


· Contact factory for dice specifications 
. 


.. Contact factory for availability 
and processing 
to 


MIL-STD-883. 


DIP/SO 
LOGIC 
SWITCH 
o 
ON 
1 
OFF 


DIP/SO 
LOGIC 
SWITCH 
o 
OFF 
1 
ON 


DIP/SO 
LOGIC 
SWITCH 
1,4 
o 
OFF 
1 
ON 


SWITCH 


2,3 
ON 
OFF 


/ ••••• 
/J X' / ••••1 
,Maxlm Integrated 
Products 
1·37 
Call toll free 1·800.998·8800 
for free samples or literature. 


Quad SPST Precision Analog Switches 


Voltage 
Referenced 
to v- 
v+ 
. 
. . . . . . . . . . 
. .. 
44V 
GND 
. . . . . . . . . 
. 
25V 
vL. 
. ....•..•........ 
(GND 
-0.3V) to (V+ +0.3V) 
Digital 
Inputs Vs' Vo (Note 
1) .... 
(V- -2V) to (V+ +2V) or 30mA 
(whichever 
occurs 
first) 


............................ 
30mA 


Continuous 
Power Dissipation 
(TA = + 70°C) (Note 2) 


16-Pin Plastic 
DIP (derate 
7.5mW/"C 
above 
+70°C) 
470mW 


16-Pin Narrow 
SO (derate 
8.7mW/"C 
above 
+ 70°C) 
696mW 


16-Pin CERDIP 
(derate 
10mW/oC above 
+70°C) 
900mW 


Operating 
Temperature 
Ranges: 
DG41_C_. 
. 
O°C to +70°C 


DG41_D_ 
. . . 
. 
-40°C to +85°C 


DG41_AK. 
-55°C to +125°C 


Storage 
Temperature 
Range 
-65°C to + 150°C 


Lead Temperature 
(soldering, 
10 see) 
. 
. +300°C 


Current 
(any terminal) 


Peak Current, 
S or 0 


(pulsed 
at 1ms, 10% duty cycle 
max) 
"',' 


Note 
1: Signals 
on Sx, Ox, or INx exceeding 
V+ or V- will be clamped 
by internal 
diodes. 
Limit forward 
diode 
current 
to 


maximum 
current 
rating. 


Note 2: All leads 
are soldered 
or welded 
to PC board. 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and 


functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Dual Supplies) 


(V+ = 15V, V- = -15V, VL = 5V, GND = av, V,NH = 2.4V, V,NL = a.8V, TA = TM1N to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


(Note 
2) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
(Note 3) 
-15 
15 
V 


Is=-10mA, 
TA=+25°C 
25 
35 
Vo = 8.5V or -8.5V, 
Drain-Source 
On Resistance 
rOS(ON) 
V+ = 13.5V, 
n 


V- = -13.5V 
TA = TMIN to TMAX 
45 


Vo = ±10V, 


rOS(ONj Matching 
(Note 4), 
.MOS(ON) 
's = -10mA, 
TA=+25°C 
15 
n 
Between 
Channels 
V+ = 13.5V, 
V- = -13.5V 


Vo = -15.5V, 
TA = +25°C 
-0.25 
-0.10 
0.25 


Source-Off 
Leakage 
Current 
IS(OFF) 
Vs = 15.5V, 
nA 


V+ = 16.5V, 


TA = TMIN to TMAX 
-20 
20 
V- = -16.5V 


Vs = -15.5V, 
TA = +25°C 
-0.25 
-0.10 
0.25 


Drain-Off 
Leakage 
Current 
'O(OFF) 
Vo = 15.5V, 
nA 


V+ = 16.5V, 
TA = TMIN to TMAX 
-20 
20 


V- = -16.5V 


IO(ON) 
Vs =±15.5V, 
TA = +25°C 
-0.4 
-0.1 
0.4 


Drain-On 
Leakage 
Current 
+ 
Vo = "'15.5V, 
nA 


IS(ON) 
V+ = 16.5V, 
TA = TM1N toTMAX 
-40 
40 
V- - -16.5V 


Quad SPST Precision Analog Switches 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 15V, v- = -15V, 
vL = 5V, GND = av, 
V,NH= 2.4V, 
V'NL = a.8V, 
TA = TlAINto T MAX' unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 
2) 


INPUT 


Input Current 
with 
I'NH 
IN_ = 2.4V, 
-0.500 0.005 
0.500 
!1A 


Input Voltage 
High 
all others 
= 0.8V 


Input Current 
with 
I'NL 
IN_ = 0.8V 
-0.500 0.005 
0.500 
!1A 
Input Voltage 
Low 
all others 
= 2.4V 


SUPPLY 


Power-Supply 
Range 
±4.5 
±200 
V 


All channels 
on 
TA=+25°C 
0.0001 
1 
or 011, 
Positive 
Supply 
Current 
1+ 
V,N = OV or 5V, 
IlA 
V+ = 16.5V, 
TA = TMIN toTMAX 
5 


V- = -16.5V 
All channels 
on 
-0.0001 
or 011, 
TA = +25°C 
-1 


Negative 
Supply 
Current 
1- 
V,N = OV or 5V, 
IlA 


V+ = 16.5V, 
TA = TMIN to TMAX 
-5 
V- - -16.5V 
All channels 
on 


TA = +25°C 
or off, 
0.0001 
1 


Logic 
Supply 
Current 
IL 
V,N = OVor 5V, 
!1A 


V+ = 16.5V, 
TA = TMIN to TMAX 
5 
V- - -16.5V 
All channels 
on 


or off, 
TA = +25°C 
-1 
-0.0001 


Ground 
Current 
IGND 
V,N = OVor 5V 
!1A 
V+ = 16.5V, 
TA = TMIN to TMAX 
~5 
V- = -16.5V 


DYNAMIC 


Turn-On 
Time 
Figure 
1, 
TA = +25°C 
110 
175 


tON 
ns 


Vs = ±10V 
TA = TMIN to TMAX 
220 


Turn-Off 
Time 
'oFF 
Figure 
1, 
TA=+25°C 
100 
145 
ns 


Vs = ±10V 
TA = TMIN to TMAX 
160 


Break-Belore-Make 
DG413 
Only, 


tD 
Figure 
2, 
TA = +25°C 
25 
ns 
Time Delay 
RL = 300n, 
CL = 35pF 


CL = 10nF, 


Charge 
Injection 
Q 
VGEN = OV, 
TA=+25°C 
5 
pC 
RGEN = on, 
Figure 
3 


RL = 50n, 


Off Isolation 
(Note 5) 
OIRR 
CL = 5pF, 
TA = +25°C 
68 
dB 
I- 1MHz, Fiaure 4 


Crosstalk 
(Note 6) 
RL = 50n, 


dB 
CL = 5pF, 
TA = +25°C 
85 
I- 1MHz 
Finure 5 


Source-Off 
Capacitance 
CS(OFF) 
1= lMHz, 
TA = +25°C 
9 
pF 
Figure 
6 


Drain-Off 
Capacitance 
CD(OFF) 


1= lMHz, 
TA = +25°C 
9 
pF 
Figure 
6 


Channel-On 
Capacitance 
CD(ON) 
1= lMHz, 


CStON) 
Figure 
7 
TA=+25°C 
35 
pF 


Quad BPST Precision Analog Switches 


ELECTRICAL 
CHARACTERISTICS 
(Single Supply) 


(V+ = 12V, v- = avo VL = 5V, GND = av, V,NH = 2.4V, V1NL = a.sv, TA = TMIN to TMAX' unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 2) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
(Note 3) 
0 
12 
V 


~=-10mA, 
TA=+25°C 
40 
80 
0 
Drain-Source 
On Resistance 
rOS(ON) 
0= 
3.8V, 


V+ = 10.8V 
TA = 
TM1Nto TMAX 
100 


SUPPLY 


V+ = 13.2V, 
TA=+25°C 
0.0001 
1 
All channels 
on 
Positive 
Supply 
Current 
1+ 
or off, 
j!A 


V,N = OV or 5V, 
TA = TMAX 
5 


V+ = 13.2V, 
TA = +25°C 
-1 
0.0001 


Negative 
Supply 
Current 
1- 
All channels 
on 
llA 
or off, 
V,N = OVor 5V 
TA=TMAX 
-5 


Vl = 5.25V, 
TA=+25°C 
0.0001 
1 


Logic 
Supply 
Current 
Il 
All channels 
on 
j!A 


or off, 
V'N = OVor 5V 
TA=TMAX 
5 


Vl = 5.25V, 
TA=+25°C 
-1 
-Q.OOO1 


Ground 
Current 
IGNO 
All channels 
on 
j!A 
or off, 
V,N = OVor 5V 
TA=TMAX 
-5 


DYNAMIC 


Figure 
1, 
TA=+25°C 
175 
250 
Turn-On 
Time 
IoN 
ns 


Vs = 8V 
TA = TMIN to TMAX 
315 


Figure 
1, 
TA = +25°C 
95 
125 
Turn-Off 
Time 
toFF 
ns 


Vs = 8V 
TA = TMIN to TMAX 
140 


DG413 
Only, 
Break-Belore-Make 
to 
Figure 
2, 
TA=+25°C 
25 
ns 
Time Delay 
RL = 3000, 
CL = 35pF 


CL = 10nF, 


Charge 
Injection 
a 
VGEN = OV. 
TA=+25°C 
25 
pC 
RGEN = OV, 
Figure 
7 


Note 2: The algebraic 
convention, 
where 
the most negative 
value is a minimum 
and the most positive 
value a maximum, 
is used in 


this data sheet. 


Note 3: Guaranteed 
by design. 


Note 4: <1rOSCaN) 
= <1rOSCON) 
MAX- <1rOSCON) 
MIN. 
Note 5: See Figure 
4. Off Isolation 
= 2OIog,o VaNs' 
Vo = output. 
Vs = input to off switch. 


Note 6: BelWeen 
any two switches. 
See Figure 
5. 


Quad SPST Precision Analog Switches 


PIN 
- 
NAME 
FUNCTION 


1,8,9,16 
~ 
IN1-IN4 
Inputs 


2,7,10,15 
D1-D4 
Drain Outputs 


3,6,11,14 
51-54 
Source 
Outputs 


4 
V- 
, 
Negative 
Supply 
Voltage 
Input 


5 
GND 
Ground 


12 
VL 
Logic 
Supply 
Voltage 


13 
V+ 
Positive 
Supply 
Voltage 
Input - 


connected 
to substrate. 


+5V 
+15V 


VL 


LOGIC 
+3V 


INPUT 
50% 


OV 


SWITCH 
Vs 
INPUT 
Vo 


SWITCH 
OV 
OUTPUT 


SWITCH 
OUTPUT 
Vo 
t, < 20n5 
tf < 20n5 


OV 
-15V 


REPEAT 
TEST 
FOR 
IN AND S 


FOR LOAD 
CONDITIONS, 
SEE Electrical 
Characteristics 
CL INCLUDES 
FIXTURE 
AND STRAY 
CAPACITANCE 


LOGIC 
+3V J50% t 


INPUT 


OV 


VS1 


SWITCH 
OV 
OUTPUT 
1 
VS2 


SWITCH 
OV 
OUTPUT 
2 


VS1= 
+10V 


VS2= 
+10V 


S1 


RL = 300fl 
CL = 35pF 


CL INCLUDES 
FIXTURE 
AND 
STRAY 
CAPACITANCE 


QUAD S~ST Precision Analog Switches 


1 
GND 


Q= (6Vo)(CLl 


INX DEPENDENT 
ON SWITCH 
CONFIGURATION; 


INPUT 
POLARITY 
DETERMINED 
BY SENSE 
OF SWITCH. 


NC 


C 


~ 


+15V 


C 
v. 


~ 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
~. ~I~.X I ~.~I 
and subject 
to change. 
'F , ~ 
'F 
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Precision 
MiniD'P CMOSAnalog Switches 


_______ 
General Description 


The OG417/0G418/0G419 
are precision 
CMOS analog 
switches. 
The OG417 
is normally 
closed 
(SPST, NC), 


while 
the 
OG418 
is normally 
open 
(SPST, NO). 
The 
OG419 has one normally 
open and one normally 
closed 


switch 
(SPOT). 
All three 
parts offer 
low on resistance 


(less than 35W), low leakage 
(less than 250pA), 
and fast 


switching 
times - turn-on time less than 175ns and turn- 


off time less than 145ns. 


The OG417/0G418/0G419 
are fabricated 
with Maxim's 
new improved 
silicon gate process. 
And a 44V maximum 
breakdown 
voltage 
allows rail-to-rail 
switch-off 
blocking 


capability. 


• 
rOS(ON) < 35W 


• 
Leakage 
< 250pA 


• 
TTL-/CMOS-Logic 
Compatible 


• 
Rail-to-Rail 
Switch-Off 
Blocking 
Capability 


• 
Monolithic, 
Low-Power 
Design 


Sample-and-Hold 
Circuits 


Guidance 
and Control Systems 


Winchester 
Oisk Orives 


Heads-Up 
Oisplays 


Test Equipment 


Military Radios 


Communications 
Systems 


Battery-Powered 
Systems 


PBX, PABX 


I 
I 


LOGIC 


o 


1 


LOGIC 


o 


1 


SWITCH 


OFF 


ON 


LOGIC 


o 


1 


SWITCH 1 


ON 


OFF 


SWITCH 2 


OFF 


ON 


SWITCH 


ON 


OFF 


ADVANCE INFORMATION 


All information 
in this data sheet is preliminary 
~. ~I~.X I ~.~I 


and subject 
to change. 
,..- 
, 
~ 
,..- 
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Low-Power, High-Speed, Latchable CMOS 


Analog Switches 


_______ 
Genera. Description 


The DG421/DG423/DG425 
are latchable 
CMOS analog 


switches. 
The DG421 
has two normally 
open switches 


(SPST, NO). 
The DG423 (SPOT) has one normally open 


and one normally 
closed 
switch 
per pair, as does 
the 


DG425 
(DPST). 
All three 
parts offer low on resistance 


(less than 350), 
low leakage 
(less than 250pA), 
and fast 


switching 
times - turn-on time less than 250ns and turn- 


off time less than 200ns. 


The DG421/DG423/DG425 
are fabricated with Maxim's new 


improved silicon gate process. 
And a 44V maximum break- 


down voltage allows rail-ta-rail switch-off blocking capability. 


The latch 
is transparent 
when WR is low. 
When WR is 


bigh, the latches 
store the logic control 
data. 
A low on 


RS resets all switches 
to their default 
state. 


__________ 
App.ications 


• 
rOS(ON) 
< 35U 


• 
Leakage 
< 250pA 


• 
TTL-/CMOS-Logic 
Compatible 


• 
Rail-to-Rail 
Switch-Off 
Blocking 
Capability 


• 
Monolithic, 
Low-Power 
Design 


Sample-and-Hold 
Circuits 


Guidance 
and Control 


Systems 


Winchester 
Disk Drives 


Test Equipment 


Military Radios 


Communications 
Systems 


Battery-Powered 
Systems 


PBX,PABX 


INl 
WR 
IN1 


03 


AilAlUM 
GNO 
AilAXIAiI 
GNO 


06423 
06425 


S4 
VL 
S4 
VL 


V+ 
04 
V+ 


IN2 
IN2 


02 
52 
02 


DIP 
DIP 


INl 


N.C. 


AilAXIAiI 
GNO 
06421 


N.C. 
V+ 


IN2 


52 


DIP 


I 


WR 


I 


AS 


i 


•• x 


I 


SWITCH 


• 


0 
OFF 


1 
ON 


WR 
AS 
'Ix 
SWIn:t11,2 
SWITCH 3, 4 


0 
1 
0 
OFF 
ON 


1 
ON 
OFF 


QUAD SPST Analog Switches 


_______ 
Cenera. Description 


The DG441/DG442 
are quad 
single-pole-single-throw 
(SPST) analog switches. 
The DG441 is normally closed 


(SPST, NC), while the DG442 is normally open (SPST, 
NO). 
Both parts offer low channel'on 
resistance 
(less 
than 
8S0), 
low leakage 
(less than SOOpA), and 
fast 


switching - turn-on time less than 2S0ns, and turn-off time 
less than 170ns. 


The DG441/DG442 
are fabricated 
with 
Maxim's 
new 


improved 
44V CMOS process. 
Design 
improvements 


yield reduced charge injection and low power consump- 
tion. 
The 44V maximum 
breakdown 
voltage allows rail- 
to-rail switch-off 
blocking capability. 


The DG441/DG442 
operate with a single positive supply 


(+ 12V to +30V) or split supplies 
(±4.SV to ±20V) while 


retaining CMOS logic input compatibility 
and fast switch- 


ing. CMOS inputs provide reduced 
input loading. 


Sample-and-Hold 
Circuits 


Guidance 
and Control Systems 


Winchester 
Disk Drives 


Heads-Up 
Displays 


Test Equipment 


Communications 
Systems 


Battery-Operated 
Systems 


PBX,PABX 


• rDS(ON) < 850 
• 
Leakage < 500pA 
• Single-Supply Operation (+12V to +30V) 


Bipolar-Supply Operation (±4.5V to ±2OV) 


• TTLICMOS Lagle Compatible 
• 
Rall-to-Rall Switch-Off Blocking Capability 


PART 
TEMP. RANGE 
PIN-PACKAGE 


DG441C/D 
O°C to +70°C 
Dice' 


DG441DJ 
-40°C to +85°C 
16 Plastic DIP 


DG441DY 
-40°C to +85°C 
16 Narrow SO 


DG441DK 
-40°C to +85°C 
16CERDIP 


DG441AK 
-55°C to + 125°C 
16CERDIP" 


DG442C/D 
O°C to +70°C 
Dice' 


DG442DJ 
·40°C to +85°C 
16 Plastic DIP 


DG442DY 
·40°C to +85°C 
16 Narrow SO 


DG442DK 
-40°C to +85°C 
16 CERDIP 


DG442AK 
-55°C to + 125°C 
16 CERDIP" 


, Contact 
factory for dice specifications. 
.. Contact 
factory for availability 
and processing 
to 
MIL-8TD-B83. 


IN1 


01 
2 


DIP/SO 
LOGIC 
SWITCH 
o 
ON 


1 
OFF 


DIP/SO 
LOGIC 
SWITCH 
o 
OFF 
1 
ON 


.•••.••.•• 
/J X I/..... 
.Maxlm Integrated 
Products 
1-47 


Call toll INe 
1·800-998·8800 lor Iree samp'es or 'iteratuN. 


- 


Voltage 
Referenced 
to V- 
V+ 
. 
. 
GND. 
Digital 
Inputs VS' VD 


... 
44V 
............ 
25V 
V- -2V to V+ +2V or 30mA 
(whichever 
occurs 
first) 
.30mA 


Continuous 
Power Dissipation 
(T. ; 
+ 70°C) (Note 
1) • 


16-Pin Plastic 
DIP (derate 
7.5mW/oC 
above 
+ 70°e) 
.. 593mW 


16-Pin Narrow 
SO (derate 
8.7mW/oC 
above 
+70°C) 
.. 696mW 


16-Pin CERDIP (derate 
10mW/oC above 
+ 70°C) 
..... 
800mW 


Operating 
Temperature 
Ranges: 
DG441 C/DG442C 
. 
O°C to + 70°C 


DG441 D/DG442D 
-40°C to +85°C 


DG441AK/DG442AK 
.. -55°C to +125°C 


Storage 
Temperature 
Range 
-65°C to +150°C 


Lead Temperature 
(soldering, 
10 sec) 
+300°C 


Continuous 
Current 
(any terminal) 
Peak Current, 
S or D 
(pulsed 
at 1ms, 10% duty cycle 
max) 
100mA 


Note 1: All leads 
are soldered 
or welded 
to PC board. 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and 
functional 


operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability 


ELECTRICAL 
CHARACTERISTICS 
(Dual Supplies) 


(V+ = 15V, 
V- = -15V, 
GND 
= av, V'NH = 2.4V, 
V,NL = a.av, TA = TMINto T MAX'unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 2) 


SWITCH 


Analog-Signal 
Range 
VANALOG (Note 3) 
-15 
15 
V 


~; 
-10mA 
TA; 
+25°C 
50 
85 
Drain-Source 
On Resistance 
rDS(ON) 
D ; 8.5V or --8.5V, 
n 


V+ ; 
13.5V, V-; 
-13.5V 
TA ; TMIN to TMAX 
100 


VD; 
±15.5V 
TA; 
+25°C 
-0.50 
0.01 
0.50 


Source-Off 
Leakage 
Current 
IS(OFF) 
Vs ;=F15.5V 
nA 


V+; 
16.5V, V-;-16.5V 
TA; 
TMAX 
-20 
20 


VS; 
±15.5V 
TA; 
+25°C 
-0.50 
0.01 
0.50 
Drain-Off 
Leakage 
Current 
ID(OFF) 
VD ;=F15.5V 
nA 


V+ ; 
16.5V, V-; 
-16.5V 
TA; 
TMAX 
-20 
20 


ID(ON) 
VD; 
±15.5V 
TA; 
+25°C 
~ 
-0.50 
0.08 
0.50 
Drain-On 
Leakage 
Current 
+ 
Vs; 
±15.5V 
nA 


IS(ON) 
V+; 
16.5V, V-; 
-16.5V 
TA;TMAX 
-40 
40 


INPUT 
" 
v 


Input Current 
with 
V,N 
; 
2.4V, 


" 
'-- 


Input Voltage 
High 
IINH 
all others; 
0.8V 
-500 
0.01 
500 
nA 


Input Current 
with 
I'NL 
V,N 
; 0.8V, 
-500 
0.01 
500 
nA 
Input Voltage 
Low 
all others 
2.4V 
l' 


QUAD SPST Analog Switches 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(v+ = 15V, v- = -15V, GND = av, V1NH = 2.4V, V1NL = a.av, TA = TMIN to TMAX' 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 
(Note 2) 


SUPPLY 


Power-Supply 
Range 
±4.5 
±2O.0 
V 


Positive 
Supply 
Current 
1+ 
All channels 
on or off, 


V1N = OV or 5V, 
TA = TMIN to TMAX 
15 
100 
).IA 


V+ = 16.5V, V- = -16.5V 
All channels 
on or off, 
TA = +25°C 
-1 
-<>.0001 


Negative 
Supply 
Current 
1- 
V1N = OV or 5V, 
).IA 


V+ = 16.5V, V-=-16.5V 
TA = TM1Nto TMAX 
-5 


All channels 
on or off, 
Ground 
Current 
IGNO 
V1N = OVor 5V, 
TA = TM1Nto TMAX 
-100 
-15 
).IA 


V+ = 16.5V, V- = -16.5V 


DYNAMIC 


Turn-On 
Time 
ioN 
Figure 
1, Vs = ±10V, 
RL = lkO 
TA = +25°C 
150 
250 
ns 


DG441, Figure 1, Vs = ±10V 
TA=+25°C 
90 
120 
ns 


Turn-Off 
Time 
tOFF 
DG442, Figure 1, Vs = ±10V 
TA=+25°C 
110 
170 
ns 


Charge 
Injection 
Q 
CL = lnF, 
VGEN = OV, 


TA=+25°C 
-1 
RGEN = 00, 
Figure 
2 
pC 


Off Isolation 
(Note 4) 
OIRR 
RL = 500, 
CL = 5pF, 
TA = +25°C 
60 
dB 
f = 1MHz, Figure 
3 


Crosstalk 
(Note 5) 
RL = 500, 
CL = 5pF, 
TA = +25°C 
-100 
dB 
f = 1MHz, Figure 
4 


Source-Off 
Capacitance 
CS(OFF) 
f = 1M Hz, Figure 
5 
TA = +25°C 
4 
pF 


Drain-Off 
Capacitance 
CO(OFF) 
f = 1MHz, Figure 
5 
TA=+25°C 
4 
pF 


Channel-On 
Capacitance 


CO(ON) 
f = 1MHz, Figure 
5 
TA=+25°C 
pF 
CS(ON) 


16 - 


QUAD SPST Jlnalog Switches 


ELECTRICAL 
CHARACTERISTICS 
(Single Supply) 


(V+ = 
12V, v- = av, GND = av, V1NH= 2.4V, V1NL= a.av, TA = TM1Nto TMAX,unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 
2) 


SWITCH 


Analog-Signal 
Range 
VANALOG 
(Note 3) 


- 
a 
12 
v 


~ = -10mA, 
TA = +25°C 
100 
160 


Drain-Source 
On Resistance 
rDS(ON) 
D = 3V, 8V, 
n 


V+ = 10.8V 
TA = TMIN to TMAX 
200 


SUPPLY 


Power-Supply 
Range 
a 
12 
V 


Positive 
Supply 
Current 
1+ 
15 
100 


All channels 
on or off, 
TA = +25°C 
-1 
-0.0001 
Negative 
Supply 
Current 
1- 
V1N= OVor 5V 
~ 


TA = TMIN to TMAX 
-5 


Ground 
Current 
IGND 
TA = TMIN to TMAX 
-100 
-15 


DYNAMIC 
'. 
_. 


Turn-On 
Time 
tON 
Figure 
1, Vs = 8V 
TA = +25°C 
300 
400 
ns 


Turn-Off 
Time 
tOFF 
Figure 1, Vs = 8V 
TA = +25°C 
60 
200 
ns 


Charge 
Injection 
Q 
CL = 1nF, VGEN = OV, 


TA = +25°C 
2 
RGEN = on, Figure 
2 
pC 


Note 2. The algebraic 
convention, 
where 
the most negative 
value 
is a minimum 
and the most positive 
value a maximum, 
is used in 


this data sheet. 


Note 3. 
Guaranteed 
by design. 


Note 4. 
See Figure 
3. Off Isolation = 20 log,o VrJI!s' VD = output, 
Vs = input to off switch. 


Note 5. 
Between 
any two switches. 
See Figure 
4. 


PIN 
NAME 
FUNCTION 


1,16,9,8 
IN1-IN4 
Input 


2,15,10,7 
01-04 
Drain Output 


3,14,11,6 
81-84 
Source 
Output 


4 
V- 
Negative 
Supply 
Voltage 
Input 


5 
GND 
Ground 


12 
N.C. 
No Connect 


13 
V+ 
Positive 
Supply 
Voltage 
Input - 


connected 
to substrate. 


\ 


QUAD SPST Analog Switches 


LOGIC 
+3V 


INPUT 
If < 20n5 


50% 
Ir < 20n5 


OV 


SWITCH 
Vs 


INPUT 


GND 


REPEAT 
TEST 
FOR CHANNELS 
2, 3, AND 4. 


FOR LOAD 
CONDITIONS, 
SEE SPECIFICATIONS 


CL (INCLUDES 
FIXTURE 
AND STRAY 
CAPACITANCE) 


Vo=Vs 
RL 


RL + 'DS(ON) 


LOGIC 
INPUT 
+3V 


V+ 


RGEN 
Vo 


D1 
Vo 
INX 


OFF 


VGEN 
I CL 


(DG441) 
1 


OFF 
INX 


(DG442) 
- 


QUAD SPST Analog Switches 


FREQUENCY 
SIGNAL 
ANALYZER 
TESTED 
GENERATOR 


100Hz 
TO 
HP3330B 
HP3571A 
13MHz 
AUTOMATIC 
TRACKING 
SYNTHESIZER 
SPECTRUM 
ANALYZER 


OFF 
ISOLATION 
= 20LOG 
~ 
VD 


C = 11lF TANTALUM 
IN PARALLEL 
WITH 
O.01IlF 
CERAMIC 


METER 


HP4192A 
IMPEDANCE 
ANALYZER 
OR EQUIVALENT 


C 


~ 


~I'I~JXI~I'I 
QUAD SPST Analog Switches 


______ 
General Description 


The 
DG444/DG445 
are 
quad 
single-pole-sing 
Ie-throw 


(SPST) analog 
switches. 
The DG444 is normally 
closed 


(SPST, NC), while 
the DG445 
is normally 
open 
(SPST, 


NO). 
Both parts offer low resistance 
(less than 850), 
low 


leakage 
(less than 500pA), 
and fast switching 
over the 


analog range - turn-on time less than 250ns, and turn-off 
time less than Hans. 


The 
DG444/DG445 
are 
fabricated 
with 
Maxim's 
new 


improved 
44V process. 
Design 
improvements 
yield re- 


duced 
output 
spiking 
and low power consumption. 
The 
44V 
maximum 
breakdown 
voltage 
allows 
rail-to-rail 


switch-off 
blocking 
capability. 


These switches 
can be used with a single positive supply 


(+ 12V to +30V) 
or split supplies 
(±4.5V to ±20V) while 


retaining 
CMOS logic input compatibility 
and fast switch- 


ing. 
CMOS inputs provide 
reduced 
input loading. 


Sample-and-Hold 
Circuits 


Guidance 
and Control 
Systems 


Winchester 
Disk Drives 


Heads-Up 
Displays 


Test Equipment 


Military Radios 


Communications 
Systems 


Battery-Operated 
Systems 


PBX,PABX 


SWITCH 


LOGIC 
DG444 
I 
DG445 
0 
ON 
I 


OFF 
1 
OFF 
ON 


• rDS(ON) < 850 
• 
Leakage 
< 500pA 


• 
Single-Supply 
Operation 
(+12V to +30V) 


Bipolar-Supply 
Operation 
(±4.5V to ±20V) 


• 
CMOSITTL 
Logic C.ompatib'e 


• 
Rail-to-Rail 
Switch-Off 
Blocking 
Capability 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


DG444C/D 
O"C to + 70°C 
Dice 


DG444DJ 
-40°C to +85°C 
16 Plastic 
DIP 


DG444DY 
-40°C to +85°C 
16 Narrow 
SO 


DG445C/D 
O°C to +70°C 
Dice" 


DG445DJ 
-40°C to +85°C 
16 Plastic 
DIP 


DG445DY 
-40°C to +85°C 
16 Narrow 
SO 


Pin Configuration! 


_______ 
Functional Diagram 


TOP VIEW 


IN1 
IN2 


01 
02 


Sl 
52 


V- 
V+ 


GNO 
VL 


54 
53 


04 
03 


IN4 
IN3 


DIP/SO 


SWITCHES 
SHOWN 
FOR LOGIC "1" INPUT 


/""/JXI/"" 


Call toll free 1·800·998·8800 
for free samples or literature. 


- 


QUAD SPST Analog Switches 


Voltage 
Referenced 
to v- 
v+ 
GND 
. 


vL· 
. 


Digital 
Inputs Vs' Yo' 


Continuous 
Power Dissipation 
(T. = +70°C) 
(Note 
1) 


16-Pin Plastic 
DIP (derate 
7.5mW/oC 
above 
+70°C) 
.. 593mW 


16-Pin Narrow 
SO (derate 8.7mWrC 
above 
+70°C) 
.. 696mW 


Operating 
Temperature 
Ranges: 


DG444C/DG445C 
. . . . . . . . .. 
. ..... 
O°C to + 70°C 


DG444D/DG445D 
.-40°C to +85°C 


Storage 
Temperature 
Range 
-65°C to + 150°C 


Lead Temperature 
(soldering, 
10 see) 
+300°C 


..•....................... 
44V 


. ..... 
25V 


... 
GND -0.3V to V+ +0.3V 


............. 
V- -2V to V+ +2V or 30mA 
(whichever 
occurs 
first) 


......... 
30mA 
Continuous 
Current 
(any terminal) 


Peak Current, 
S or D 
(pulsed 
at 1ms, 10% duty cycle 
max) 
... 
'.' ...•..... 
1oomA 


Note 
1: All leads 
are soldered 
or welded 
to PC board. 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 


operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Dual Supplies) 


(V+ = 15V, V- = -15V, VL = 5V, G~D = av, V'NH= 2.4V, V,NL= a.av, TA = TM1Nto TMAX, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 
2) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
(Note 3) 
-15 
15 
V 


IS = -10mA, 
TA = +25°C 
50 
85 


Drain-Source 
On Resistance 
rOS(ON) 
Vo = 8.5V or -8.5V, 
n 


V+ = 13.5V, V- = -13.5V 
TA = TMIN to TMAX 
100 


Vo = ±15.5V, 
TA = +25°C 
-0.50 
0.01 
0.50 


Source-Off 
Leakage 
Current 
IS(OFF) 
Vs = +15.5V, 
nA 


V+ = 16.5V, V- = -16.5V 
TA = TM1Nto TMAX 
-20 
20 


Vs = ±15.5V, 
TA = +25°C 
-0.50 
0.01 
0.50 


Drain-Off 
Leakage 
Current 
IO(OFF) 
Vo =+15.5V, 
nA 


V+ = 16.5V, V-=-16.5V 
TA = TMIN to TMAX 
-20 
20 


IO(ON) 
Vo = ±15.5V, 
TA = +25°C 
-0.50 
0.08 
0.50 


Drain-On 
Leakage 
Current 
+ 
Vs = ±15.5V, 
nA 


'S(ON) 
V+ = 16.5V, V- = -16.5V 
TA = TMIN to TMAX 
-40 
40 


INPUT 


Input Current 
with 
IINH 
V1N 
= 2.4V, 
-0.5 
-0.00001 
0.5 
~A 
Input Voltage 
High 
all others = 0.8V 


Input Current 
with 
IINL 


V1N = 0.8V, 
-0.5 
0.00001 
0.5 
~A 
Input Voltage 
Low 
all others 
2.4V 


QUAD SPST Analog Switches 


ELECTRICAL 
CHARACTERISTICS 
(Dual Supplies) 
(continued) 


(V+ = 15V, v- = -15V, vL = 5V, GND = av, V1NH = 2.4V, V1NL = a.8V, TA = TMIN to TMAX' 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 2) 


SUPPLY 


Power-Supply 
Range 
±4.5 
±2O.0 
V 


Positive 
Supply 
Current 
1+ 
All channels 
on or off, 
TA = +25°C 
0.001 
1 
V1N = OV or 5V, 
IlA 


V+ = 16.5V 
V- = -16.5V 
TA = TM1N10TMAX 
5 


All channels 
on or off, 
TA = +25°C 
-1 
-0.0001 
Negative 
Supply 
Current 
1- 
V1N = OV or 5V, 
IlA 
V+ = 16.5V, V-=-16.5V 
TA = TMIN to TMAX 
-5 


All channels 
on or off, 
TA = +25°C 
0.001 
1 
Logic 
Supply 
Current 
IL 
V1N = OVor 5V, 


TA = TM1N10TMAX 
IlA 
V+ = 16.5V, V-=-16.5V 
5 


All channels 
on or off, 
TA = +25°C 
-1 
-0.0001 
Ground 
Current 
IGND 
V1N = OV or 5V, 
IlA 
V+ = 16.5V 
V- = -16.5V 
TA = TMIN to TMAX 
-5 


DYNAMIC 


Turn-On 
Time 
tON 
Vs = ±10V, Figure 
1 
TA = +25°C 
150 
250 
ns 


DG444, Vs = ±10V, Figure 
1 
TA = +25°C 
, 
90 
120 
ns 
Turn-Off 
Time 
tOFF 
DG445, Vs = ±10V, Figure 
1 
TA = +25°C 
110 
170 
ns 


Charge 
Injection 
Q 


CL = 1nF, VGEN = OV, 


TA=+25°C 
-1 
pC 
RGEN = on, 
Figure 2 


Off Isolation 
(Note 4) 
OIRR 
RL = 50n, 
CL = 5pF, 
TA = +25°C 
60 
dB 
f = 1MHz, Figure 
3 


Crosstalk 
(Note 5) 
RL = 50n, 
CL = 5pF, 
TA = +25°C 
100 
dB 
f = 1MHz, Figure 
4 


Source-Off 
Capacitance 
CS(OFF) 
f = 1MHz, Figure 5 
TA = +25°C 
4 
pF 


Drain-Off 
Capacitance 
CD(OFF) 
f = 1MHz, Figure 
5 
TA = +25°C 
4 
pF 


Channel-On 
Capacitance 
CD(ON) 


f = 1MHz, Figure 
5 
TA = +25°C 
CS(C)N) 


16 
pF 
- 


QUAD SPST Analog Switches 


ELECTRICAL 
CHARACTERISTICS 
(Single Supply) 


(V+ = 12V, v- = av, Vl = 5V, GND = av, V,NH= 2.4V, V'Nl = a.av, TA = T""Nto TMAX' unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 2) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
(Note 3) 
a 
12 
v 


~ = -lamA, 
VL = 5.25V, 
TA = +25°C 
100 
160 


Drain-Source 
on Resistance 
rDS(ONj 
0= 
3V, 8V, 
n 


V+ = 10.8V 
TA = TMIN to TMAX 
200 


SUPPLY 


Power-Supply 
Range 
a 
12 
V 


Positive 
Supply 
Current 
1+ 
All channels 
on or off, 
TA=+25°C 
0.001 
1 


V1N = OVor 5V 
TA = TMIN to TMAX 
5 
IJ.A 


Negative 
Supply 
Current 
1- 
All channels 
on or off, 
TA = +25°C 
-1 
-0.0001 
IJ.A 


V1N = OVor 5V 
TA = TMIN to TMAX 
-5 


IL 
All channels 
on or off, 
TA = +25°C 
0.001 
1 
~A 
Logic 
Supply 
Current 
VtN = OVor 5V 
TA = TM1NtoTMAX 
5 


Ground 
Current 
IGND 
All channels 
on or off, 
TA = +25°C 
-1 
-0.0001 


V1N = OVor 5V 
TA = TM1NtoTMAX 
-5 


~A 


DYNAMIC 


Turn-On 
Time 
toN 
Vs = 8V, Figure 
1 
TA = +25°C 
300 
400 
ns 


Turn-Off 
Time 
toFF 
Vs = 8V, Figure 
1 
TA = +25°C 
, 
60 
200 
ns 


Charge 
Injection 
a 
CL = lnF, 
VGEN = OV, 


TA = +25°C 
2 
pC 
RGEN = on, 
Fiaure 
2 


Note 2. The algebraic 
convention, 
where 
the most negative 
value 
is a minimum 
and the most positive 
value a maximum, 
is used in 


this data sheet. 


Note 3. Guaranteed 
by design. 


Note 4. See Figure 
3. Off Isolation = 20Iog,o Vrfls' 
Vo = output, 
Vs = input to off switch. 


Note 5. 
Between 
any two switches. 
See Figure 
4. 


PIN 
NAME 
FUNCTION 


1,16,9,8 
IN1-IN4 
Logic 
Control 
Inputs 


2,15,10,7 
01-04 
Drain Outputs 


3,14,11,6 
Sl-84 
Source 
Outputs 


4 
V- 
Negative 
Supply 
Voltage 
Input 


5 
GND 
Ground 


12 
VL 
Logic 
Supply 
Voltage 
Input 


13 
V+ 
Positive 
Supply 
Voltage 
Input- 
connected 
to substrate. 


LOGIC 
+3V 
SWITCH 


INPUT 
I, < 20ns 
INPUT 
S1 
D1 


Vo 
50% 
I, < 20ns 


OV 
RL I CL 


SWITCH 


LOGIC 


Vs 
INPUT 


INPUT 
+3V 


GND 


REPEAT 
TEST 
FOR CHANNELS 
2, 3, AND 4. 


FOR LOAD 
CONDITIONS, 
SEE SPECIFICATIONS 


CL (INCLUDES 
FIXTURE 
AND 
STRAY 
CAPACITANCE) 


VO=VS 
RL 


RL+'DS(ON) 


VL 
V+ 


Vo 


Vo 
INX 
OFF 


VGEN 
I CL 


(DG444) 
1 


OFF 
INX 


(DG445) 


HI 


FREQUENCY 
SIGNAL 
ANALYZER 
TESTED 
GENERATOR 


100Hz 
TO 
HP3330B 
HP3571A 
13MHz 
AUTOMATIC 
TRACKING 
SYNTHESIZER 
SPECTRUM 
ANALYZER 


+15V 
+5V 


Vs 


METER 
,, 


HP04192A 
, 
'NX 
IMPEDANCE 
, 
av, +2.4V 
, 


ANAlVZER 
, 


OR eQUIVALENT 
, 
Vo 


f_1MHz 


-15V 


MAX200 


MAX202 


MAX203 


MAX204 


MAX205 


MAX206 


MAX207 


MAX208 


MAX210 


MAX211 


MAX220 


MAX222 


MAX223 


MAX230 


MAX231 


MAX232 


MAX232A 


MAX233 


MAX233A 


MAX234 


MAX235 


MAX237 


MAX238 


MAX239 


MAX242 


MAX243 


MAX244 


MAX245 
MAX246 


MAX247 


MAX248 


MAX249 


MAX560 


MAX561 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


+5V RS-232 Transceiver 
with O.1IlF External Capacitors 
2-3' 


High-Speed 
+5V-Powered 
RS-232 DriversJReceivers 
2-7 


High-Speed 
+5V-Powered 
RS-232 DriversJReceivers 
2-7 


+5V RS-232 Transceiver 
with Two Receivers 
Active 
in Shutdown 
2-43 


+5V Powered, 
Five RS-232 Transmitters 
with Power Shutdown 
2-7 


+5V and + 12V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-7 


+5V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-7 


High-Speed 
+5V-Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-7 


No External Component 
+5V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-7 ~ 


High-Speed, 
No External Component 
+5V Powered, 
Dual RS-232 Trans. & Receivers 
2-7 ~ 


+5V Powered, 
Quad RS-232 Transmitters 
2-7 


No External Component 
+5V Powered, 
Five RS-232 Transmitters 
and Recievers 
2-7 


with Power Shutdown 
and Receiver Three-State 
Enable 


+5 Powered, 
Four RS-232 Transmitters 
and Three RS-232 Recievers 
2-7 


with Power Shutdown 
and Receiver Three-State 
Receiver 
Enable 


+5V Powered, 
Five RS-232 Transmitters 
and Three RS-232 Receivers 
2-7 


+5V Powered, 
Quad RS-232 Transmitters 
and Receivers 
2-7 


+5V and + 12V Powered, 
Three RS-232 Transmitters 
and Five RS-232 Recievers 
2-7 


with Three-State 
Receiver 
Enable 


+5V Powered, 
Four RS-232 Transmitters, 
Five Receivers 
with Power Shutdown 
2-7 


and Receiver 
Three-State 
Enable in 28 Pin Small Outline 


+5V Powered, 
Four RS-232 Transmitters, 
Five Receivers 
with Power Shutdown 
2-43 


and Receiver 
Three-State 
Enable in 28 Pin Small Outline 


High-Speed 
+5V-Powered 
RS-232 DriversJReceivers 
2-7 


High-Speed 
+5V-Powered 
RS-232 DriversJReceivers 
2-7 


+5V Powered 
Multi-Channel 
RS-232 DriversJReceivers 
2-7 


+5V Powered 
Multi-Channel 
RS-232 DriversJReceivers 
2-7 


+5V Powered 
Multi-Channel 
RS-232 DriversJReceivers 
2-7 


+5V Powered 
Multi-Channel 
RS-232 DriversJReceivers 
2-7 


+5V Powered 
Multi-Channel 
RS-232 DriversJReceivers 
2-7 


+5V Powered 
Multi-Channel 
RS-232 DriversJReceivers 
2-7 


+3.3V Transceiver 
with Two EINTIA-562 
Receivers 
Active in Shutdown 
2-53 


+3.3V Transceiver 
with Two EINTIA-562 
Receivers 
Active 
in Shutdown 
2-53 


Interface Products 


Guaranteed 
Power 
#of 
#of 
Nominal 
Supply 
Data Rate 
Prlcet 
Part 
Supply 
RS-232 
RS-232 
#ofExt. 
Cap. Value 
Shutdown 
Current 
(kbits/sec 
1DOO-up 
Number 
(V) 
Drivers 
Receivers 
Caps 
(1lF) 
& 3-State 
(mAmax) 
maxI 
Features 
($) 


MAX220 
+5 
2 
2 
4 
4.7/10 
No 
2 
20 
Ultra low-power, 
industry-standard 
pinout 
2.20 
MAX222 
+5 
2 
2 
4 
0.1 
Yes 
10 
116 
MAX232A with shutdown 
2.20 


MAX223 
+5 
4 
5 
4 
1.0 
Yes 
15 
20 
+SV ffiM PC serial port w / receivers active in shutdown 
3.29 


MAX230 (MAX200) 
+5 
5 
0 
4 
1.0 
Yes 
15(20) 
20 
5 drivers with shutdown 
3.29 


MAX231 
+5 and 
2 
2 
2 
1.0 
No 
1/5 
20 
Standard 
+5/ +12V or battery supplies; 
same 
1.91 
+7.5 to +13.2 
functions 
as MAX232 


MAX232 (MAX202) 
+5 
2 
2 
4 
1.0 
No 
10 (15) 
20 
Industry 
standard 
1.91 


MAX232A 
+5 
2 
2 
4 
0.1 
No 
10 
116 
Higher slew rate, small caps 
2.20 


MAX233 (MAX203) 
+5 
2 
2 
0 
No 
10 (15) 
20 
No external caps 
3.61 


MAX233A 
+5 
2 
2 
0 
No 
10 
116 
No external caps, high slew rate 
4.21 


MAX234 (MAX204) 
+5 
4 
0 
4 
1.0 (0.1) 
No 
15(20) 
20 
Replaces 1488 
3.10 


MAX235 (MAX205) 
+5 
5 
5 
0 
Yes 
15(20) 
20 
No external caps 
6.34 


MAX236 (MAX206) 
+5 
4 
3 
4 
1.0(0.1) 
Yes 
15(20) 
20 
Shutdown, 
three-state 
3.29 


MAX237 (MAX207) 
+5 
5 
3 
4 
1.0 (0.1) 
No 
15(20) 
20 
Complements 
IBM PC serial port 
3.29 


MAX238 (MAX208) 
+5 
4 
4 
4 
1.0(0.1) 
No 
15(20) 
20 
Replaces 1488 and 1489 
3.29 


MAX239 (MAX209) 
+5 and 
3 
5 
2 
1.0(0.1) 
No 
1/15 (20) 
20 
Standard 
+5/ +12V or battery supplies; 
single 
3.29 


~ 
+7.5 to +13.2 
package solution 
for IBM PC serial port 
MAX240 
+5 
5 
5 
4 
1.0 
Yes 
15 
20 
DIP or flatpak package 
5.16 


MAX241 (MAX211) 
+5 
4 
5 
4 
1.0 (0.1) 
Yes 
15 (20) 
20 
Complete 
IBM PC serial port 
3.29 


MAX242 
+5 
2 
2 
4 
0.1 
Yes 
10 
116 
Separate shutdown 
and enable 
2.20 


MAX243 
+5 
2 
2 
4 
0.1 
No 
10 
116 
Open-line 
detection 
simplifies cabling 
2.20 


MAX244 
+5 
8 
10 
4 
1.0 
No 
25 
64 
High slew rate 
7.65 


MAX245 
+5 
8 
10 
0 
Yes 
25 
64 
High slew rate, in!. caps, two shutdown 
modes 
12.15 


MAX246 
+5 
8 
10 
0 
Yes 
25 
64 
High slew rate, in!. caps, three shutdown 
modes 
12.15 


MAX247 
+5 
8 
9 
0 
Yes 
25 
64 
High slew rate, in!. caps, nine operating 
modes 
12.15 


MAX248 
+5 
8 
8 
4 
1.0 
Yes 
25 
64 
High slew rate, selective half-ehip enables 
7.65 


MAX249 
+5 
6 
10 
4 
1.0 
Yes 
25 
64 
MAX248 with 2 complete 
IBM PC serial ports 
7.65 


MAX560 
+3 
4 
5 
4 
1.0 
Yes 
8 
20 
+3V MAX561 + receivers active in shutdown 
3.29 


MAX561 
+3 
4 
5 
4 
1.0 
Yes 
8 
20 
+3V Complete 
IBM PC serial port 
3.29 


R5-232 ISOLA nON 
PRODUCTS 


MAX250 
+5 
2 
2 
Yes 
20 
Isolated &5-232 chipset 
3.20 


MAX251 
+5 
2 
2 
Yes 
20 
Isolated &5-232 chipset 
3.20 


MAX252A 
+5 
2 
2 
0 
Yes 
90 
9.6 
UL recognized, 
1SOOVisolation 
45.91 


MAX252B 
+5 
2 
2 
0 
Yes 
90 
9.6 
Economical500V 
isolation 
27.14 


t Prices proVided are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 
I 


RS-232 LINE DRIVERS/RECEIVERS 


4 DRVRSl5 RCVRS 
* MAX560 (shutdown) 
* MAX56l (receiver.; active in shutdown) 
MAX220 (ultra-low power) 


MAX222 (IQ = lO!JA in shutdown) 


MAX232 (industry standard) 


MAX232A (116kbits/sec, 
O.lflF caps) 


MAX242 (receiver.; active in shutdown) 


MAX243 (simplified cabling) 


IDGRDRVRlRCVR 
COUNT 
* MAX22J (4 driver.;/5 
receiver.;) 


MAX230 (5 driver.;/O receiver.;) 


MAX234 (4 driver.;/O receiver.;) 


MAX236 (4 driver.;/3 
receivers) 


MAX237 (5 driver.;/3 
receiver.;) 


MAX238 (4 driver.;/4 
receiver.;) 


MAX240 (5 driver.;/5 
receiver.;) 


MAX24l (4 driver.;/5 
receiver.;) 


MAX244 (8 driver.;/lO 
receiver.;) 


MAX248 (8 driver.;/8 
receiver.;) 


MAX249 (8 driver.;/lO 
receiver.;) 


2 DRVRSl2 RCVRS 


MAX233 


MAX233A (116kbits/sec) 


IDGR DRVRlRCVR 
COUNT 


MAX235 
(5 driver.;/5 
receiver.;) 


MAX245 
(8 driver.;/lO 
receivers) 


MAX246 
(8 drivers/lO 
receivers) 


MAX247 
(8 driver.;/9 
receivers) 


* MAX252A (UL recognized) 
* MAX252B (SOOVisolation) 


2DRVRSl2 


MAX23l 


IDGR DRVRIR( 


MAX239(3dr 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 
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+5V RS·232 Transceivers 


with O.1JlF External Capacitors 


_______ 
General Description 


The MAX200-MAX211 transceivers are designed for RS-232 
and V.28 communication 
interfaces 
where ±12V supplies 


are not available. 
On-board 
charge 
pumps 
convert 
the 


+5V input to the ±10V needed 
for RS-232 output 
levels. 
The 
MAX200-MAX211 
drivers 
and 
receivers 
meet 
all 


EIAfTIA-232E 
and CCITI 
V.28 specifications 
at a data 


rate of 20kbits/sec. 
The drivers maintain the ±5V EIAfTIA- 


232E 
output 
signal 
levels 
at data 
rates 
in excess 
of 


120kbits/sec 
when 
loaded 
in 
accordance 
with 
the 


EIAfTIA-232E 
specification. 


The low-power 
shutdown 
mode of the MAX200, MAX206, 


and MAX211 is useful in battery-powered 
systems 
since 


power 
dissipation 
is reduced 
to less than 
51lW. 
The 


MAX203 
and MAX205 
use no external 
components 
and 


are recommended 
for applications 
where printed 
circuit 


board space 
is critical. 


The MAX211 
is available 
in a 28-pin 
wide 
small outline 


(SO) package 
and a 28-pin shrink small-outline 
package 


(SSOP), which 
uses 60% less area than the SO. 


__________ 
Applications 


Computers 


Laptops, 
Palmtops, 
Notebooks 


Battery-Powered 
Equipment 


Hand-Held 
Equipment 


Superior to Bipolar: 


• 
0.11lF External 
Capacitors 


• 
116kbits/sec 
Data Rate 


• 
Single +5V Supply Operation 


• 
Small 28·Pin SSOP Package 
- 
Uses 60% Less Area than SO 


• 
Low·Power 
Shutdown 
Current, 
<1 jlA 


• 
Designed 
for RS-232 and V.28 Applications 


• 
Three-State 
TTUCMOS 
Receiver 
Outputs 


Power-Supply 
No. of RS-232 
No. of RS-232 
External 
Low-Power 
Shutdownl 
Part Number 
Voltage 
Drivers 
Receivers 
Capacitors 
TTL Three -State 
(V) 
(O.111F) 


MAX200 
+5 
5 
0 
4 
Yes/No 


MAX202 
+5 
2 
2 
4 
No/No 


MAX203 
+5 
2 
2 
None 
No/No 


MAX204 
+5 
4 
0 
4 
No/No 


MAX205 
+5 
5 
5 
None 
YeslYes 


MAX206 
+5 
4 
3 
4 
YeslYes 


MAX207 
+5 
5 
3 
4 
No/No 


MAX208 
+5 
4 
4 
4 
No/No 


MAX211 
+5 
4 
5 
4 
YeslYes 


+SV RS·232 Transceivers 
with O.1JlF External Capacitors 


ABSOLUTE 
MAXIMUM 
RATINGS 


Vcc. 
v+ ... 
v- 
. . . . . . . . . 


Input Voltages 
TIN 
RIN 
. 


Output 
Voltages 
TOUT 
. . . . . . . . . .. 
(V+ + O.3V) to (V- - O.3V) 
ROUT 
. . . . . . . . . . . 
-o.3V to (Vcc 
+ O.3V) 
Short-Circuit 
Duration 
TOUT 
. 


Continuous 
Power Dissipation 
(TA = +70'C) 
16-Pin Plastic 
DIP (derate 
10.S3mWrC 
above 
+70'C) 
16-Pin SO (derate 8.70mWrC above 
+70'C) 
. 
16-Pin Wide SO (derate 
9.S2mWrC 
above 
+70'C) 
16-Pin CERDIP (derate 
10.00mWrc above 
+70'C) 
. 


20-Pin Plastic 
DIP (derate 
11.11mWrC above 
+70'C) 
889mW 


20-Pin Wide SO (derate 
10.oomWrc 
above 
+70'C) 
.. 
800mW 


20-Pin CERDIP 
(derate 
11.11 mwrc 
above 
+ 70'C) 
.. 
889mW 
24-An Nam:MIPlasticDIP (derate 8.7Omwrcabove +70'C). 
696mW 
24-Pin Wide SO (derate 
11.76mWrC above 
+70'C) 
.. 
941mW 


24-Pin CERDIP (derate 
12.S0mWrc 
above 
+70'C) 
. l000mW 
28-Pin Wide SO (derate 
12.S0mWrc 
above 
+70'C). 
l000mW 


28-Pin SSOP (derate 
9.S2mWrC 
above 
+ 70'C) 
..... 
762mW 


44-Pin Plastic FP (derate 
11.11 mwrc 
above 
+70'C 
. 889mW 


Operating 
Temperature 
Ranges: 


MAX2 __ C__ 
.. .. .. 
.. .. .. . . . . 
O'C to + 70'C 


MAX2 __ E__ 
..............•..... 
-40'C 
to +8S'C 


MAX2 __ M_ _ 
-SS'C to + 12S'C 


Storage 
Temperature 
Range 
-6S'C to + 160'C 


Lead Temperature 
(soldering, 
10 sec) 
. +300'C 


-0.3V to +6V 


... 
(Vcc 
- 0.3V) to + 14V 


. 
+0.3Vto-14V 


. .. 
-o.3V to (Vcc 
+ 0.3V) 


.. .. .. . .... 
±30V 


842mW 
696mW 
762mW 
800mW 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only. and functional 


operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(MAX202/204/206/207/208/211 
Vcc = SV ±10%, 
MAX203/MAX20S 
Vcc 
= SV ±S%, Cl 
= C4 = 0.1 Ilf. TA = TMIN to TMAX. 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
Swing 
All transmitter 
outputs 
loaded 
with 3kO to ground 
±S 
±9 
V 


MAX202. 
MAX203. 
no load. TA = +2S'C 
8 
lS 
Vcc 
Power-Supply 
Current 
mA 
MAX200, 
MAX204-MAX208, 
MAX211 
9 
20 


Shutdown 
Supply 
Current 
Figure 
1. TA = +2S'C 
1 
10 
I!A 


Input Logic Threshold 
Low 
TIN. EN. SHDN 
0.8 
V 


Input Logic Threshold 
High 


TIN 
2.0 


EN. SHDN 
V 
2.4 


Logic 
Pull-Up 
Current 
TIN = OV 
lS 
200 
!!A 


RS-232 Input Voltage 
-30 
+30 
V 
Operating 
Range 


RS-232 Input Threshold 
Low 
Vcc 
= SV. TA = +2S'C 
0.8 
1.2 
V 


RS-232 Input Threshold 
High 
Vcc 
= SV, TA = +2S'C 
1.7 
2.4 
V 


RS-232 Input Hysteresis 
Vcc 
= SV 
0.2 
O.S 
1.0 
V 


RS-232 Input Resistance 
Vcc 
= SV, TA = +2S'C 
3 
S 
7 
kO 


TIUCMOS 
Output 
Voltage 
Low 
lOUT = 1.6mA ~MAX202, MAX203), 
0.4 
V 
lOUT = 3.2mA 
all others) 


TIUCMOS 
Output 
Voltage 
High 
lOUT = -1.0mA 
3.S 
V 


TIUCMOS 
Output 
Leakage 
- 
Current 
EN = VCC, OV:5 ROUT :5Vcc 
O.OS 
±10 
!!A 


Output 
Enable Time (Figure 2) 
MAX20S, 
MAX206. 
MAX211 
1000 
ns 


Output 
Disable 
Time (Figure 2) 
MAX20S. 
MAX206. 
MAX211 
3S0 
ns 


Propagation 
Delay 
RS-232to 
TIL 
0.4 
I!S 


+5V RS·232 Transceivers 


with O.1)lFExternal Capacitors 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(MAX202/204/206/207/208/211 
Vcc = SV ±10%, 
MAX203/MAX20S 
Vcc = SV ±S%, C1 = C4 = 0.1j!f, 
TA = TMIN to TMAX. 


unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Transmitter 
Output 
Resistance 
Vcc = V+ = V- = OV, VOUT = ±2V 
300 
n 


MAX200, 
MAX204-MAX211 


CL = SOpF to 2S00pF 
RL = 3kn 
to 7kn 
3 
S.S 
30 
Vcc = SV, TA = +2S·C 
measured 
from +3V to -3V or -3V to +3V 


Transition 
Region Slew Rate 
MAX202, 
MAX203 
V/IlS 


CL = SOpF to 2S00pF, 
RL = 3kn 
to 7kn 
4 
30 
Vcc = SV, TA = +2S·C 
measured 
from +3V to -3V or -3V to +3V 


RS-232 Output 
Short-Circuit 
Current 
±10 
±4S 
mA 


~1I1~JXI~1I1 


+5V-Powered Multi-Channel RS-232 


Drivers/Receivers 


_______ 
Genera. Description 


The MAX220-MAX249 
family 
of line drivers/receivers 


is intended 
for all EIA-232E 
and V.28/V.24 
communi- 


cations 
interfaces, 
and 
in particular, 
for those 
appli- 


cations 
where 
±12V 
is not available. 


These 
parts 
are particulary 
useful 
in battery-powered 


systems 
since their low-power 
shutdown 
mode reduces 


power 
dissipation 
to 
less 
than 
5JlW. 
The 
MAX233, 
MAX235 and MAX245-MAX247 
use no external 
compo- 


nents 
and 
are 
recommended 
for 
applications 
where 


printed 
circuit 
board space 
is critical. 


All 
members 
of the 
family 
except 
the 
MAX231 
and 


MAX239 
need 
only a single 
+5V supply 
for operation. 


The 
RS-232 
drivers/receivers 
have 
on-board 
charge- 


pump 
voltage 
converters 
which 
convert 
the +5V input 


power to the ±1 OV needed to generate 
the RS-232 output 


levels. 
The MAX231 
and MAX239, 
designed 
to operate 


from 
+5V and 
+ 12V, contain 
a + 12V to -12V charge- 


pump voltage 
converter. 


Since nearly all RS-232 applications 
need both line driv- 


ers and receivers, 
the family includes 
both receivers 
and 


drivers 
in one 
package. 
The wide 
variety 
of RS-232 


applications 
require 
differing 
numbers 
of drivers 
and 


receivers. 
Maxim 
offers 
a wide 
selection 
of RS-232 


driver/receiver 
combinations 
in order 
to minimize 
the 


package 
count (see Selection 
Guide). 


Portable 
Computers 


Low-Power 
Modems 


Interface 
Translation 


Battery-Powered 
RS-232 Systems 


Multi-Drop 
RS-232 Networks 


Superior to Bipolar 


• 
Operate 
from Single +5V Power Supply 
(+5V and +12V - MAX231 
and MAX239) 


• 
Low-Power 
Receive 
Mode in Shutdown 


(MAX223/MAX242) 


• 
Meet All EIA-232E 
and V.28 Specifications 


• 
MUltiple Drivers and Receivers 


• 
3-State 
Driver and Receiver 
Outputs 


• 
Open-Line 
Detection 
(MAX243) 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX220CPE 
O·C to +70·C 
16 Plastic DIP 


MAX220CSE 
O·Cto 
+70·C 
16 Narrow 
SO 


MAX220CWE 
O·C to +70·C 
16WideSO 


MAX220C/D 
O·C to +70·C 
Dice' 


MAX220EPE 
-40·C to +85·C 
16 Plastic 
DIP 


MAX220ESE 
-40·C to +85·C 
16 Narrow 
SO 


MAX220EWE 
-40·C to +85·C 
16WideSO 


MAX220MJE 
-55·C to + 125·C 
16 CERDIP 


MAX222CPN 
O·Cto 
+70·C 
18 Plastic 
DIP 


MAX222CWN 
O·C to +70·C 
18WideSO 


MAX222C/D 
O·C to +70·C 
Dice' 


MAX222EPN 
-40·C to +85·C 
18 Plastic 
DIP 


MAX222EWN 
-40·C to +85·C 
18 Wide SO 


MAX222EJN 
-40·C to +85·C 
18 CERDIP 


MAX222MJN 
-55·C to + 125·C 
18 CERDIP 


Ordering 
Information 
continued 
on last page. 


• Contact 
factory 
for dice specifications 
. 


.;"'I.;J X 1';"'1 


Call toll free 1·800·998·8800 
for free samples or literature. 


MAX220·MAX249 


~ 


~~ 


CD 


1IIii.~ 
~iI 
~o 
Interface Products 
~~ 


Guaranteed 
CD CD 


Power 
.., .., 
Nominal 
Supply 
Dolo 
Rote 
nC; 
Port 
Supply 
RS-232 
A8-232 
'0' 
Ext. 
Clip. Value 
Shutdown 
Current 
(kb""'_ 
Number 
M 
Driv ••• _... 
Capo 
()lFl 
• 3-State 
(mAmax) 
rMIx) 
Feature 
• 
!.a. 
MAX220 
+5 
2 
2 
4 
4.7/10 
No 
2 
20 
Ultra 
low.power, 
industry-standard 
pinout 


MAX222 
+5 
2 
2 
4 
0.1 
Yes 
10 
116 
MAX232A 
with 
shutdown 


~ 
~ 


MAX223 
+5 
4 
5 
4 
1.0 
Yes 
IS 
20 
+5V mM PC serial port w / receivers 
active in shutdown 


MAX230 
(MAX200) 
+5 
5 
0 
4 
1.0 
Yes 
15(20) 
20 
5 drivers 
with 
shutdown 


MAX231 
+5 and 
2 
2 
2 
1.0 
No 
1/5 
20 
Standard 
+5/+ 
12V or battery 
supplies; 
same 


CJ 


+75 
to +13.2 
functions 
as MAX232 


MAX2J2 
(MAX2Q2) 
+5 
1.0 
No 
10(15) 
20 
Industry 
standard 
•••• 
•••• 
MAX2J2A 
+5 
0.1 
No 
10 
116 
Higher 
slew 
rate, smaU caps 
-. 
MAX233 
(MAX2Q3) 
+S 
No 
10(15) 
20 
No external 
caps 
• 
MAX233A 
+5 
No 
10 
116 
No external 
caps, 
high 
slew 
rate 


~ 


MAX2J4 
(MAX204) 
+5 
1.0(0.1) 
No 
15(20) 
20 
Replaces 
1488 


MAX2J5(MAX205) 
+5 
Yes 
15(20) 
20 
No external 
caps 


MAX236 
(MAX206) 
+5 
1.0(0.1) 
Yes 
15(20) 
20 
Shutdown. 
tiu'ff.state 
I» 
MAX237(MAX207) 
+5 
1.0(0.1) 
No 
15(20) 
20 
Complements 
IBM PC serial 
port 


MAX238(MAX208) 
+5 
1.0(0.1) 
No 
15(20) 
20 
Replaces 
1488 and 
1489 
~ 
MAX239 
(MAX209) 
+5 and 
1.0(0.1) 
No 
1/15(20) 
20 
Standard 
+5/+ 12V or battery 
supplies; 
single 
+7.5 to +13.2 
package 
solution 
for IBM PC serial 
port 
~ 
MAX240 
+5 
5 
5 
1.0 
Yes 
IS 
20 
DIP or flatpak 
package 
CD 
MAX241 
(MAX211) 
+5 
4 
5 
1.0(0.1) 
Yes 
15(20) 
20 
Complete 
IBM PC serial 
port 


MAX242 
+5 
2 
2 
0.1 
Yes 
10 
116 
Separate 
shutdown 
and 
enable 
•••• 


MAX243 
+5 
2 
2 
0.1 
No 
10 
116 
Open-line 
detection 
simplifies 
cabling 
" 


MAX244 
+5 
8 
10 
1.0 
No 
2S 
64 
High 
slew 
rate 


MAX245 
+5 
8 
10 
Yes 
2S 
64 
High 
slew 
rate, into caps, 
two shutdown 
modes 
U» 
MAX246 
+5 
8 
10 
Yes 
2S 
64 
High 
slew 
rate, 
into caps, 
three 
shutdown 
modes 
• 
MAX247 
+5 
8 
9 
Yes 
2S 
64 
High 
slew 
rate, 
int. caps, 
nine operating 
modes 
tj 


MAX248 
+5 
8 
8 
1.0 
Yes 
2S 
64 
High 
slew 
rate, selective 
haU-<hip 
enables 


MAX249 
+5 
6 
10 
1.0 
Yes 
2S 
64 
MAX248 
with 
2 complete 
mM 
PC serial 
ports 


MAXS60 
+3 
4 
5 
1.0 
Yes 
8 
20 
+3V MAX561 
+ receivers 
active 
in shutdown 
~ 
MAXS61 
+3 
4 
5 
1.0 
Yes 
8 
20 
+3V Complete 
IBM PC serial 
port 
R5-232ISOLAnON 
PRODUcrS 


MAX2SO 
+5 
Yes 
20 
Isolated. 
RS-232 chipset 


MAX2S1 
+5 
Yes 
20 
Isolated. 
RS-232 chipset 


MAX2S2A 
+5 
Yes 
90 
9.6 
UL recognized, 
lSOOV isolation 


MAX2S28 
+5 
Yes 
90 
9.6 
EconomicalSOOV 
isolation 


+SV-Powered 
Multi-Channel 
RS-232 


Drivers/Receivers 


ABSOLUTE 
MAXIMUM 
RATINGS - MAX220/222/232A/233A/242/243 


Supply 
Voltage 
(Vcc) 
. 
-0.3V to +6V 
16-Pin Narrow SO (derate 8.70mWrC 
above +70°C) 
696mW 
Input Voltages 
16-Pin Wide SO (derate 
9.52mWrC 
above 
+70°C). 
. 762mW 
TIN 
-0.3V to (Vcc - 0.3V) 
18-Pin Wide SO (derate 9.52mWrC 
above +70°C) 
762mW 
RIN. 
±30V 
20-Pin Wide SO (derate 
10.00mWrc 
above 
+70°C) 
? 
TOUT (Note 1) 
±15V 
16-Pin CERDIP (derate 10.OQmWrC above +70°C) 
800mW 
Output Voltages 
18-Pin CERDIP (derate 10.53mWrC 
above +70°C) 
842mW 
TOUT 
±15V 
Operating 
Temperature 
Ranges: 


ROUT 
-0.3V to (Vcc 
+ 0.3V) 
MAX2 __ AC __ , MAX2 __ C __ 
. 
O°C to + 70°C 


Driver/Receiver 
Output 
Short Circuited 
to GND 
Continuous 
MAX2 __ AE __ 
, MAX2 __ E _ _ 
_40°C to +85°C 
Continuous 
Power Dissipation 
(TA = +70°C) 
MAX2 __ AM __ 
, MAX2 __ M _ _ 
-55°C to + 125°C 
16-Pin Plastic DIP (derate 
1O.53mWrC 
above +70OC) 
842mW 
Storage 
Temperature 
Range 
-65°C to + 160°C 
18-Pin Plastic DIP (derate 
11.11mWrC 
above +70°C) 
889mW 
Lead Temperature 
(soldering, 
10 sec) 
. 
. .... 
+300°C 
2O-Pin Plastic DIP (derate 8.00mWrC 
above +70°C) 
440mW 


Note 
1: 
Input voltage 
measured 
with TOUT in high-impedance 
state, SHDN or VCC = OV. 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
see lions of the specifications 
IS not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
- MAX220/222/232A/233A/242/243 


(VCC = +5V ±10%, 
Cl-C4 
= O.lIlF, 
TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RS-232 TRANSMITTERS 


Output 
Voltage 
Swing 
All transmitter outputs loaded with 3kn to GND 
+5 
±8 
V 


Input Logic Threshold 
Low 
1.4 
0.8 
V 


Input Logic Threshold 
High 
2 
1.4 
V 


SRITi\I = VCC 
5 
40 
Logic 
PUll-Up/Input 
Current 
SRlJj\j = OV 
±001 
±1 
IlA 


VCC = 5.5V, SRITN = OV. VOUT = ±15V 
±001 
±10 


Output 
Leakage 
Current 
VCC = SRITN = OV. VOUT = ±15V 
±0.01 
±10 
IlA 


Except 
MAX220, 
normal operation 
200 
116 


Data Rate 
kbits/sec 


MAX220 
22 
20 


Transmitter 
Output 
Resistance 
VCC = V+ = V- = OV. VOUT = ±2V 
300 
10M 
n 


Output Short-Circuit 
Current 
VOUT = OV 
±7 
±22 
mA 


RS-232 
RECEIVERS 


RS-232 Input Voltage 
Operating 
Range 
±30 
V 


RS-232 Input Threshold 
Low 
Except 
MAX243 
R21N 
08 
1.3 
VCC = 5V 
V 
MAX243 
R21N (Note 2) 
-3 


RS-232 Input Threshold 
High 
Except 
MAX243 
R21N 
1.8 
2.4 
Vcc = 5V 
V 
MAX243 
R21N (Note 2) 
-0.5 
-0.1 


RS-232 Input Hysteresis 


Except MAX243. Vcc = 5V. no hyst. in shdn. 
0.2 
0.5 
1 


MAX243 
V 
1 


RS-232 Input Resistance 
3 
5 
7 
kn 


nUCMOS 
Output 
Voltage 
Low 
lOUT = 3.2mA 
02 
0.4 
V 


nUCMOS 
Output 
Voltage 
High 
lOUT = -1.0mA 
35 
VCC -0.2 
V 


nUCMOS 
Output 
Short-Circuit 
Current 
Sourcing 
VOUT = GND 
-2 
-10 


Sinking 
VOUT = VCC 
mA 
10 
30 


nUCMOS 
Output 
Leakage 
Current 
SRlJj\j = Vcc 
or rn= Vcc. 
OV ~ VOUT ~ Vcc 
±005 
±10 
IlA 


+SV-Powered 
Multi-Channel 
RS-232 
Drivers/Receivers 


ELECTRICAL 
CHARACTERISTICS 
- MAX220/222/232A/233A/242/243 
(continued) 


(VCC = +5V ±10%, 
C1-C4 = 0.1l!F, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


EN Input Threshold 
Low 
1.4 
0.8 
V 


EN Input Threshold 
High 
20 
1.4 
V 


POWER 
SUPPLY 


Operating 
Supply 
Voltage 
4.5 
5.5 
V 


MAX220 
05 
2 


No load 


VCC Supply 
Current 
MAX222/232N233N242/243 
4 
10 


(SRlJi\f 
= VCC), Figures 
5, 6, 9, 18 
mA 


MAX220 
12 


3kQ load both outputs 
MAX222/232N233N242/243 
15 


TA = +25·C 
0.1 
10 


TA = O·C to +70·C 
2 
50 


Shutdown 
Supply 
Current 
MAX222/242 
TA = -40·C to +85·C 
l!A 
2 
50 


TA = -55·C to + 125·C 
35 
100 


SHDN Input Leakage 
Current 
±1 
l!A 


SR!Ji'\I Threshold 
Low 
1.4 
0.8 
V 


SR!Ji'\I Threshold 
High 
2.0 
1.4 
V 


AC CHARACTERISTICS 


CL = 50pF to 2500pF, 
MAX222/232N233N242/243 
6 
12 
30 


RL = 3kQ to 7kQ, 


Transition 
Slew Rate 
VCC = 5V, TA = +25·C, 
V/l!S 


measured 
from +3V to 
MAX220 
15 
3 
30 


-3V or -3V to +3V 


MAX222/232N233N242/243 
1.3 
3.5 


Transmitter 
Propagation 
Delay 
tPHLT 
MAX220 
4 
10 


TIL to RS-232 (Normal 
Operation), 


MAX222/232N233N242/243 
l!s 


Figure 
1 
15 
3.5 


tPLHT 
MAX220 
5 
10 


MAX222/232N233N242/243 
05 
1 


Receiver 
Propagation 
Delay 
tPHLR 
MAX220 
0.6 
3 


RS-232 to TIL 
(Normal 
Operation), 


MAX222/232N233N242/243 


l!S 


Figure 2 
0.6 
1 
tPLHR 
MAX220 
08 
3 


Receiver 
propa~ation 
Delay 
tPHLS 
MAX242 
0.5 
10 
RS-232 to TIL 
( hutdown), 
Figure 2 
tPLHS 
MAX242 
25 
10 
l!s 


Receiver-Output 
Enable Time, Figure 3 
tER 
MAX222/242 
125 
500 
ns 


Receiver-Output 
Disable Time, Figure 3 
tOR 
MAX222/242 
160 
500 
ns 


Transmitter-Output 
Enable Time 
tET 
MAX222/242, 
0.1l!F caps 
250 
l!s 
(SRlJi\f 
goes high), Figure 4 
(Includes 
charge-pump 
start-up) 


Transmitter-Output 
Disable Time 
tOT 
MAX222/242, 
0.1l!F caps 
600 
ns 
(SHDN goes low), Figure 4 


Transmitter 
+ to - Propagation 
MAX222/232N233N242/243 
300 
Delay Difference 
(Normal 
Operation) 
tPHLT-tPLHT 
MAX220 


ns 
2000 


Receiver 
+ to - Propagation 
MAX222/232N233N242/243 
100 


Delay Difference 
(Normal 
Operation) 
tPHLR-!PLHR 
ns 


MAX220 
225 


Note 2: 
MAX243 
R20UT is guaranteed 
to be low when the R21N is ~ OV or is floating. 


2-10 
./VI./J X I./vl 
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10 


8 


6 
~ 
4 
~ 
2 
'"~ 
0 
0> 
•.... 


-2 
=> 
0-•.... 
=> 
-4 
0 


-6 


-8 


-10 
0 


V+ LOADED, NO LOAD ON v- 


10 
15 
20 
25 


LOAD CURRENT (mA) 


AVAILABLE OUTPUT CURRENT 
vs. DATA RATE 


4 
o 
10 
20 
30 
40 
50 
60 


DATA RATE (kbits/sec) 


ON·TIME EXITING SHUTDOWN - 


MAX222JMAX242 


+5V 
:> +5V 
;:;:;- 
OV 


~ 
o 
OV 


>:::- 
~ 


Drivers/Receivers 


ABSOLUTE 
MAXIMUM 
RATINGS - MAX223, MAX230-MAX241 


Vcc 
. 
. 
-0.3V to +6V 
16-Pin Wide SO (derate 
9.S2mWrC 
above 
+ 70·C). 
762mW 


V+ . 
. . . . . . . . . 
(Vcc 
- 0.3V) to + 14V 
2O-Pin Wide SO (derate 
10.oOmwrc 
above +70"C) 
800mW 


V- 
+0.3V to -14V 
24-Pin Wide SO (derate 11.76mWrC 
above +70·C) 
... 
941mW 


Input Voltages 
28-Pin Wide SO (derate 
12.sOmwrc 
above + 70·C) 
1000mW 


TIN 
-0.3V to (Vcc 
+ 0.3V) 
44-Pin Plastic FP (derate 
11.11 mwrc 
above 
+ 70"C) 
611 mW 


RIN 
±30V 
14-Pin CERDIP (derate 
9.09mWrC 
above 
+70"C) 
727mW 
Output Voltages 
16-Pin CERDIP (derate 
10.00mWrc 
above 
+70·C) 
800mW 


TOUT. . 
(V+ + 0.3V) to (V- - 0.3V) 
2O-Pin CERDIP (derate 
11.11mWrC 
above 
+70·C) 
889mW 


ROUT 
.. 
-0.3V to (Vcc 
+ 0.3V) 
24-Pin NarrowCERDIP(derate 
12.5OmWrCatxNe+70·C) 
1000mW 


Short-Circuit 
Duration, 
TOUT 
Continuous 
24-Pin Sidebraze 
(derate 
20.0mWrc 
above 
+70·C) 
1600mW 


Continuous 
Power Dissipation 
(TA ; 
+ 70·C) 
28-Pin SSOP (derate 
9.S2mWrC 
above 
+ 70·C) 
762mW 


14-Pin Plastic DIP (derate 10.00mWrc 
above +70·C) 
800mW 
Operating 
Temperature 
Ranges: 


16-Pin Plastic DIP (derate 10.53mWrC 
above +70·C) 
. 842mW 
MAX2 
C 
O·C to +70·C 
2O-Pin Plastic DIP (derate 11.11mWrC 
above +70"C) 
889mW 
MAX2 
E 
. . . . . . . . . . 
-40·C to +8S·C 
24-Pin Narrow Plastic DIP 
MAX2 
M 
-SS·C to + 12S·C 
(derate 
13.33mWrC 
above +70·C) 
. 
1067mW 
Storage Temperature 
Range 
-6S·C to + 160·C 
24-Pin Plastic DIP (derate 9.o9mWrC 
above +70·C) 
.. 
SOOmW 
Lead Temperature 
(soldering, 
10 see) 
+300·C 


Stresses 
beyond 
those listed 
under 
·Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
- MAX223, MAX230-MAX241 


(MAX223/230/232/234/236/237/238/240/241 
VCC ; 
+SV ±1 0%, MAX233/MAX23S 
VCC ; SV ±S%, C l-C4 
; 
1.01lF, MAX231/MAX239 
VCC; 
SV ±10%, V+ ; 
7.SV to 13.2V, TA; 
TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
Swing 
All transmitter 
outputs 
loaded 
with 3kn to ground 
±S.O 
±7.3 
V 


MAX232, 
233 
S 
10 


Vcc 
Power-Supply 
Current 
No load, TA; 
+2S·C 
MAX223,230, 
7 
lS 
mA 


234-238, 
240, 241 


MAX231, 
239 
.4 
1 


MAX231 
1.8 
S 
V+ Power Supply 
Current 
mA 


MAX239 
S 
lS 


MAX223 
lS 
SO 
Shutdown 
Supply 
Current 
TA; 
+2S·C 
IlA 


MAX241 
1 
10 


Input Logic Threshold 
Low 
TIN;EN,SRDN (MAX223), Ef\J,SHDN (MAX23:J,~AX241) 
08 
V 


TIN 
2.0 
Input Logic Threshold 
High 


EN, SHDN (MAX223), EN, SHDN (MAX23J, MAX235-MAX241) 
2.4 
V 


Logic 
PUll-Up Current 
TIN; 
OV 
lS 
200 
IlA 


Receiver 
Input Voltage 
-30 
+30 
V 
Operating 
Range 
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ELECTRICAL 
CHARACTERISTICS 
- MAX223, MAX230-MAX241 
(continued) 
~ 


(MAX223/230/232/234/236/237/238/240/241Vcc 
= +sv ±1O%, MAX233/MAX23S 
Vcc 
= SV ±S%, C 1-C4 = 1.0IlF, MAX231/MAX239 
~ 
Vcc = SV ±10%, 
v+ = 7.SV to 13.2V, TA = TMIN to TMAX, unless otherwise 
noted.) 
". 


~ 


~• 
E 


~ 
~ 
CD 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Normal Operation 
SRDI\f = SV (MAX223), 
0.8 
1.2 


RS-232 Input Threshold 
Low 
TA = +2S'C, 
VCC = SV 
SHDN = OV (MAX23S-MAX241) 
V 


Shutdown 
(MAX223) 
0.6 
1.S 
SRDI\f = OV, EN = SV (R4, RS) 


Normal Operation 
SRDI\f = SV (MAX223), 
1.7 
24 


RS-232 Input Threshold 
High 
TA = +2S'C, 
Vcc 
= SV 
SHDN = OV (MAX23S-MAX241) 
V 


Shutdown 
(MAX223) 
1.S 
24 
SRDI\f = OV, EN = SV (R4, RS) 


RS-232 Input Hysteresis 
Vcc = SV; no hysteresis 
in shutdown 
02 
O,S 
10 
V 


RS-232 Input Resistance 
TA = +2S'C, 
VCC = SV 
3 
S 
7 
1<.0 


nUCMOS 
Output 
Voltage 
Low 
lOUT = 1.6mA (MAX231-233 
lOUT = 3.2mA) 
04 
V 


nUCMOS 
Output 
Voltage 
High 
lOUT = -1.0mA 
3.S 
VCC - 04 
V 


nUCMOS 
Output Leakage 
Current 
OV ,;;ROUT,;;Vcc; EN = OV(MAX223); m= VCC (MAX235-241 ) 
O.OS 
±10 
IlA 


MAX223 
600 
Receiver 
Output 
Enable Time 
Normal operation 
ns 


MAX23S-MAX241 
400 


MAX223 
900 
Receiver 
Output 
Disable 
Time 
Normal operation 
ns 


MAX23S-MAX241 
2S0 


O.S 
10 


RS-232IN 
to 
Propagation 
Delay 
nUCMOSOUT, 
tPHLS 
4 
40 
Ils 
CL = lS0pF 


tPLHS 
6 
40 


MAX223, MAX230, MAX234-MAX241 
TA = +2S'C, 
Vcc = SV, 
3 
S.l 
30 
RL = 3kn to 71<.0,CL = SOpF to 2S00pF, 
measured 
from +3V to -3V or -3V to +3V 
Transition 
Region Slew Rate 
V/IlS 


MAX231 , MAX232, MAX233 
TA = +2S'C, 
Vcc = SV, 
4 
30 
RL = 3kn 
to 71<.0,CL = SOpF to 2S00pF, 


measured 
from +3V to -3V or -3V to +3V 


Transmitter 
Output 
Resistance 
VCC = V+ = V- = OV, VOUT = ±2V 
300 
n 


Receiver 
Out Short-Circuit 
Current 
±10 
mA 
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TRANSMJnER 
OUTPUT 
VOLTAGE (VOH) vs. Vee 


~is 
7.5 
> 
3 TRANS- 
MITTERS 
LOAOED 


TA=+25'C 


t 


Cl-C4=1IlF 
TRANSMITTER 
LOADS = 
~J~~rgMITTERS 
3kn II 2500pF 


50 


Vcc (V) 


TRANSMJnER 
OUTPUT 
VOLTAGE (VOL) Y5. Vee 


-6.0 


-6.5 


-70 
~ 
~ 
-7.5 


-8.0 


-8.5 


5.0 


Vcc (V) 


Typical Operating Characteristics 


MAX223, MAX230, MAX234-MAX241 


TRANSMJnER 
OUTPUT VOLTAGE (VON) 
vs. LOAD CAPACITANCE AT 
DIFFERENT DATA RATES 
TRANSMJnER 
SLEW RATE 


vs. LOAD CAPACITANCE 


1 TRANSMITTER LOADED 


TA=+25'C 
Vcc = +5V 
LDADED Rl = 3kn 
Cl-C4 = 11lF 
I 
I 


2 TRANSMITTERS 
LOADED 
~ 
~ 
8.0 


~ 
7.0 


60 


50 


4.0 
o 
500 
1000 
1500 
2000 
2500 


LOAD CAPACITANCE (pF) 


10.0 


~ 
9.0 


I 
TA= +25'C 
Vcc = +5V 
3 TRANSMITTERSLOADED 
RL= 3kn 
Cl-C4=lW 


500 
lOOO 
1500 
2000 
2500 


LOAD CAPACITANCE (pF) 


TRANSMlnER 
OUTPUT VOLTAGE (VOL) 
TRANSMlnER 
OUTPUT VOLTAGE V+, V- 
vs. LOAD CAPACITANCE AT 
DIFFERENT DATA RATES 
vs. LOAD CURRENT 


-60 
10 
TA= +25'C 
8 
-6.2 
Vcc = +5V 
3 TRANSMITTERSLOADED 
6 
-6.4 
RL=3kn 
> 
C1-C4= lW 
:i 
4 


-6.6 
~ 
2 
~ 
'" 
-6.8 
~ 
0 
~ 


0> 
-2 
-7.0 
>- 
~ 
-4 
=> 
-7.2 
0 
-6 
-7.4 
-8 


-7.6 
-10 


55 
0 
500 
lOOO 
1500 
2000 
2500 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 


LOAD CAPACITANCE(pF) 
CURRENT(mA) 


V+, v- WHEN EXITING SHUTDOWN 
(11lF CAPACITORS) 
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Supply 
Voltage 
(Vcc) 
. 
Input Voltages 
TIN, ENA, ENB, ENR, ENT, ENRA, 


ENRB, ENTA, ENTB 
RIN. 
TOUT (Note 4) 
ROUT 


Short Circuit 
(1 output 
at a time) 


TOUT to GND 
. 


ROUT to GND. 


Continuous 
Power Dissipation 
(TA = + 70·C) 
4O-Pin Plastic DIP (derate 11.11mWrC 
above +70T) 
.. 611mW 


44-Pin PLCC (derate 13.33mWrC 
above +70·C) 
.... 
1067mW 


Operating 
Temperature 
Ranges: 


MAX24_C__ 
, 
0·Cto+70·C 
MAX24 
E 
.. -40·C to +8S·C 
Storage 
Temperature 
Range 
-6S·C to + 160·C 
Lead Temperature 
(soldering, 
10 sec) 
.. 
+300·C 


-0.3V to (Vcc 
+ 0.3V) 
±2SV 
±1SV 
-0.3V to (Vcc 
+ 0.3V) 


Continuous 
Continuous 


Note 4: 
Input voltage 
measured 
with transmitter 
output 
in a high-impedance 
state, shutdown, 
or VCC = OV. 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
- MAX244-MAX249 


(VCC = +S.OV ±10%, 
external 
capacitors 
C1-C4 = 111F,TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RS-232 TRANSMITTERS 


Input Logic Threshold 
Low 
1.4 
0.8 
V 


Input Logic Threshold 
High 
2 
1.4 
V 


I Normal operation 
10 
SO 
Logic Pull-Up/Input 
Current 
Tables 
1A-1C 
I Shutdown 
±0.01 
±1 
IlA 


Data Rate 
Tables 
1A-1C, normal operation 
64 
kbits/sec 


Output 
Voltage 
Swing 
All transmitter 
outputs 
loaded 
with 3kQ to GND 
±S 
±7.S 
V 
I 
±0.01 
±2S 
Output 
Leakage 
Current 
(Shutdown) 
Tables 
1A-1C 
I 


±0.01 
±2S 
llA 


Transmitter 
Output 
Resistance 
Vcc 
=v+ 
= v- = OV, VOUT = ±2V (Note S) 
300 
10M 
Q 


Output 
Short-Circuit 
Current 
VOUT = OV 
±7 
±30 
mA 


RS-232 
RECEIVERS 


RS-232 Input Voltage 
Operating 
Range 
±2S 
V 


RS-232 Input Threshold 
Low 
VCC = SV 
0.8 
1.3 
V 


RS-232 Input Threshold 
High 
Vcc 
= SV 
18 
2.4 
V 


RS-232 Input Hysteresis 
VCC = SV 
0.2 
O.S 
1.0 
V 


RS-232 Input Resistance 
3 
S 
7 
kQ 


TIUCMOS 
Output 
Voltage 
Low 
lOUT = 3.2mA 
0.2 
0.4 
V 


TIL/CMOS 
Output Voltage 
High 
lOUT = -1.0mA 
3S 
Vcc-02 
V 


TIUCMOS 
Output 
Short-Circuit 
Current 


Sourcing 
VOUT = GND 
-2 
-10 
mA 
Sinking 
VOUT = VCC 
10 
30 


TIL/CMOS 
Output 
Leakage 
Current 
Normal operation, 
outputs 
disabled, 
±O.OS 
±10 
llA 
Tables 
1A-1C, OV:5 VOUT:5 VCC 
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ELECTRICAL 
CHARACTERISTICS 
- MAX244·MAX249 
(continued) 


(Vcc 
= +sv ±10%, 
external 
capacitors 
Cl-C4 
= l11F, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
I 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


POWER 
SUPPLY 
AND CONTROL 
LOGIC 


Operating 
Supply 
Voltage 
4.S 
S.S 
V 


Vcc Supply 
Current 
No load 
11 
30 
mA 
(Normal 
Operation) 
3kQ loads on all outputs 
S7 


TA = +2S·C 
8 
2S 
Shutdown 
Supply 
Current 
TA = TMIN to TMAX 
SO 
llA 


Leakage 
Current 
±1 
llA 


Control 
Input 
Threshold 
Low 
1.4 
08 


V 


Threshold 
High 
2.4 
1.4 


AC CHARACTERISTICS 


CL = SOpF to 2S00pF, 
RL = 3kQ to 7kQ, 


Transition 
Slew Rate 
Vcc = SV, TA = +2S·C, measured 
from +3V to 
S 
10 
30 
V/llS 


-3V or -3V to +3V 


Transmitter 
Propagation 
Delay 
tPHLT 
1.3 
3.S 
TIL to RS-232 (Normal 
Operation), 


tPLHT 
1.S 
3.S 
llS 
Figure 
1 


Receiver 
Propagation 
Delay 
tPHLR 
0.6 
15 


RS-232 to TIL 
(Normal 
Operation), 


tPLHR 
0.6 
1.S 
llS 


Figure 2 


Receiver 
Propagation 
Delay 
tPHLS 
0.6 
10 


RS-232 to TIL 
(Low Power Mode), 


tPLHS 
3.0 
10 
llS 
Figure 2 


Transmitter 
+ to - Propagation 
Delay 
tPHLT - tPLHT 
3S0 
ns 
Difference 
(Normal 
Operation) 


Receiver 
+ to - Propagation 
Delay 
tPHLT - tPLHT 
3S0 
ns 
Difference 
(Normal 
Operation) 


Receiver-Output 
Enable Time, Figure 3 
tER 
100 
SOO 
ns 


Receiver -Output 
Disable Time, Figure 3 
tDR 
100 
SOO 
ns 


MAX246-249 
S 
lls 
(excludes 
charge-pump 
startup) 
Transmitter 
Enable Time, Figure 4 
tET 
MAX24S, MAX247 
(includes 
charge-pump 
startup) 
10 
ms 


Transmitter 
Disable 
Time, Figure 3 
tDT 
100 
ns 


Note 5: The 300Q minimum 
specification 
complies 
with EIA-232E, 
but the actual 
resistance 
when in shutdown 
mode or Vcc 
= 0 is 
10MQ as is implied 
by the leakage 
specification. 
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TRANSMITTER SLEW RATE 
¥s. LOAD CAPACITANCE 


18 


16 


~ 
14 


~ 
12 
ce 
~ 
10 


<n 
ce 
t= 
::E 
<nzg 


2 


0 


Vcc = 5V 
ALL POWERSUPPLY 
CAPACITORS 1jlF 


OATA RATE40kb/s 


8 TRANSMlnERS 
LOAOE03kn 


OUTPUTVOLTAGE 


V5. LOAD CURRENT FOR V+ AND v- 
10 


8 


6 


~ 
4 
~ 
2 


~ 
0 


~ 
-2 


~ 
-4 
=>o 
-6 


-8 


-10 
o 
5 
10 
15 
20 
25 
30 
35 
LOAD CURRENT(mAl 


V+ AND V- LOAOED 
rlTHfR V+OR 
V-LOADED 


Vcc = 5V 


ALL CHARGE-PUMP 
CAPACITORS l~F 
WITH 8 TRANSMITERS 
DRIVING 5kfl AND 
2000pF AT 20kb/s 


V+ AND V- LOADE.£- 
V-LOADED 


V+ LOADED 


~ 
85 


TRANSMInER 
OUTPUT VOLTAGE 


V5. LOAD CAPACITANCE AT 
DIFFERENT DATA RATES 


Vcc = 5V, WITH 8 TRANSMlnER 
DRIVEN, 


LOADED WITH 5kn 
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+3V 


INPUT 
_l__ 
o_v 
_/ 
_IN_PU_T_O_V~·/---- 
~~- 
_---_-_5_0%_ 


V+ 


----------;.--K=~~ 


---\ 
50% 
-E Vcc 


,------~--;--- 
GND 
_DU_T_PU_T 
/-- 


EN~ 
RxDUT 
lk 
Rx IN 
Rx 
Vcc -2V 


A. TEST CIRCUIT 
150pF 
I~ 
O_V 
_ 


---.: 
~ 
OUTPUT DISABLE TIME (tOT) 


:.:~ 
••• 
w 


, 
- - 
- - - - - - 
-5V 


. 
, 
, 


OV 
I 
EN 
--: i-- OUTPUT ENABLE TIME (tER) 


RECEIVER ~'--- 
'---- 
+3.5V 


OUTPUTS 


~--- 
: 
--- 
+O_BV 


B. ENABLE TIMING 
:: 


+3V 
nv 1------ 
EN 


ENINPUT 
~ 


---+: 
:.- 
OUTPUT DISABLE TIME (IDR) 


VOH-0.5V 


VOH 


RECEIVER 
OUTPUTS 
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- 
-- 
OPERATION 
TRANSMITTERS 
RECEIVERS 
ENT 
ENR 
STATUS 
TA1·TA4 
TB1·TB4 
RA1·RA5 
RB1·RB5 


0 
0 
Normal Operation 
All Active 
All Active 
All Active 
All Active 


0 
1 
Normal Operation 
All Active 
All Active 
RA 1-RA4 3-State, 
RB1-RB43-State, 


RA5Active 
RB5Active 


1 
0 
Shutdown 
Al13-State 
AlI3-State 
All Low-Power 
All Low-Power 
Receive 
Mode 
Receive 
Mode 


RA 1-RA4 3-State, 
RB1-RB43-State, 


1 
1 
Shutdown 
Al13-State 
AlI3-State 
RA5 Low-Power 
RB5 Low-Power 
Receive 
Mode 
Receive 
Mode 


-- 
-- 
OPERATION 
TRANSMITTERS 
RECEIVERS 
ENA 
ENB 
STATUS 
TA1-TA4 
TB1·TB4 
RA1-RA5 
RB1-RB5 


0 
0 
Normal Operation 
All Active 
All Active 
All Active 
All Active 


0 
1 
Normal Operation 
All Active 
Al13-State 
All Active 
RB 1-RB4 3-State 
RB5Active 


1 
0 
Shutdown 
AlI3-State 
All Active 
RA 1-RA4 3-State 
All Active 
RA5Active 


RA 1-RA4 3-State 
RB 1-RB4 3-State 
1 
1 
Shutdown 
Al13-State 
Al13-State 
RA5 Low-Power 
RB5 Low-Power 


Receive 
Mode 
Receive 
Mode 
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G) 
Table lC. 
MAX247/248/249 
Control 
Pin Configurations 


~ 
)lCia 


~ 
)lCi 


TRANSMITTERS 
RECEIVERS 


-- 
-- 
-- 
-- 
OPERATION 
MAX247 
TA1-TA4 
TB1-TB4 
RA1-RA4 
RB1-RBS 


ENTA 
ENTB 
ENRA 
ENRB 
STATUS 
MAX248 
TA1-TA4 
TB1-TB4 
RA1-RA4 
RB1-RB4 


MAX249 
TA1-TA3 
TB1-TB3 
RA1-RAS 
RB1-RB5 


0 
0 
0 
0 
Normal Operation 
All Active 
All Active 
All Active 
All Active 


All 3-State, 
except 
RSS 
0 
0 
0 
1 
Normal Operation 
All Active 
All Active 
All Active 
stays Active 
on 
MAX247 


0 
0 
1 
0 
Normal Operation 
All Active 
All Active 
Al13-State 
All Active 


All 3-State, 
except 
RSS 
0 
0 
1 
1 
Normal Operation 
All Active 
All Active 
Al13-State 
stays Active 
on 
MAX247 


0 
1 
0 
0 
Normal Operation 
All Active 
AlI3-State 
All Active 
All Active 


All 3-State, 
except 
RSS 
0 
1 
0 
1 
Normal Operation 
All Active 
AlI3-State 
All Active 
stays Active 
on 
MAX247 


0 
1 
1 
0 
Normal Operation 
All Active 
Al13-State 
Al13-State 
All Active 


All 3-State, 
except 
RSS 
0 
1 
1 
1 
Normal Operation 
All Active 
Al13-State 
AlI3-State 
stays Active 
on 
MAX247 


1 
0 
0 
0 
Normal Operation 
Al13-State 
All Active 
All Active 
All Active 


AI13-State, 
except 
RSS 
1 
0 
0 
1 
Normal Operation 
Al13-State 
All Active 
All Active 
stays Active 
on 
MAX247 


1 
0 
1 
0 
Normal Operation 
Al13-State 
All Active 
AlI3-State 
All Active 


All 3-State, 
except 
RSS 
1 
0 
1 
1 
Normal Operation 
AlI3-State 
All Active 
AlI3-State 
stays Active 
on 
MAX247 


1 
1 
0 
0 
Shutdown 
Al13-State 
AlI3-State 
Low-Power 
Low-Power 
Receive 


Receive 
Mode 
Mode 


Shutdown 
AlI3-State 
Low-Power 
All 3-State, 
except 
RSS 
1 
1 
0 
1 
Al13-State 
Receive 
Mode 
Low-Power 
Receive 
Mode on MAX247 


1 
1 
1 
0 
Shutdown 
Al13-State 
Al13-State 
AlI3-State 
Low-Power 
Receive 
Mode 


All 3-State, 
except 
RSS 
1 
1 
1 
1 
Shutdown 
Al13-State 
AlI3-State 
AlI3-State 
stays Active 
on 
MAX247 
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Detailed Description 


The 
MAX220-MAX249 
contain 
four 
sections: 
dual 


charge-pump 
DC-DC 
voltage 
converters, 
RS-232 driv- 


ers, RS-232 receivers, 
and receiver 
and transmitter 
en- 


able control 
inputs. 


Dual Charge-Pump 
Voltage Converter 


The MAX220-MAX249 
have two internal charge-pumps 
that 


convert +5V to ±1OV(unloaded) for RS-232 driver operation. 
The first converter uses capacitor C1 to double the +5V input 
to + 1OVon C3 at the V+ output. The second converter uses 
capacitor C2 to invert + 1OVto -1OVon C4 at the V- output. 


A small amount of power may be drawn from the + 1OV(V+) 
and 
-10V 
(V-) outputs 
to power 
external 
circuitry 
(see 
Typical Operating Characteristics), 
except on the MAX245- 


MAX247, where these pins are not available. 
V+ and V- 


are not regulated, so the output voltage drops with increas- 
ing load current. 
Do not load V+ and V- to a point that 


violates the minimum 
±5V EIA-232E driver output voltage 


when sourcing 
current from V+ and V- to external circuitry. 


When 
using 
the shutdown 
feature 
(MAX222, 
MAX230, 
MAX235, 
MAX236, 
MAX240, 
MAX241 
and 
MAX245- 


MAX249) 
avoid 
using 
V+ 
and 
V- to 
power 
external 


circuitry. 
When these 
parts 
are shut down, 
V- falls to 


OV, and V+ falls to +5V. For applications 
where a + 10V 


external 
supply 
is applied 
to the 
V+ 
pin (instead 
of 


using the internal 
charge 
pump 
to generate 
+ 1OV), the 


C 1 capacitor 
must not be installed 
and the SHDN 
pin 


must be tied to Vcc 
This is because 
V+ is internally 


connected 
to VCC in shutdown 
mode. 


RS-232 Drivers 


The typical 
driver 
output 
voltage 
swing 
is ±8V when 


loaded with a nominal5kQ 
RS-232 receiver and VCC = +5V. 


Output 
swing 
is guaranteed 
to meet the EIA-232E 
and 


V.28 
specification, 
that 
calls 
for ±5V 
minimum 
driver 


output levels under worst-case 
conditions. 
These include 


a minimum 
3kQ load, VCC = +4.5V, and maximum 
oper- 


ating 
temperature. 
Unloaded 
driver 
output 
voltage 


ranges from (V+ -1.3V) to (V- +0.5V). 


Input thresholds 
are both TIL 
and CMOS 
compatible. 


The inputs 
of unused 
drivers 
can be left unconnected 


since 
400kQ 
input 
pull-up 
resistors 
to VCC are built-in. 


The pull-up 
resistors 
force the outputs 
of unused 
drivers 
low because 
all drivers 
invert. 
The internal input pull-up 


resistors 
typically 
source 
12JlA, 
except 
in shutdown 


mode 
where 
the pull-ups 
are disabled. 
Driver outputs 


turn off and enter a high-impedance 
state-where 
leak- 


age 
current 
is typically 
microamperes 
(maximum 


25IlA)-when 
in shutdown 
mode, in three-state 
mode, or 


when device 
power 
is removed. 
Outputs 
can be driven 


to ±15V. The power-supply 
current typically 
drops to 81lA 


in shutdown 
mode. 


The MAX239 has a receiver 
3-state 
control 
line, and the 


MAX223, MAX235, MAX236, MAX240 and MAX241 have 
both 
a receiver 
3-state 
control 
line and 
a low-power 


shutdown 
control. 
The receiver 
TIUCMOS 
outputs 
are 


in a high-impedance 
3-state mode whenever 
the 3-state 


ENable line is high, and are also high-impedance 
when- 


ever the shutdown 
control 
line is high. 


When in low-power 
shutdown 
mode, 
the driver 
outputs 


are turned 
off and their leakage 
current 
is less than 1JlA 


with the driver output pulled to ground. 
The driver output 


leakage 
remains 
less then 
11lA, even if the transmitter 


output is backdriven 
between 
OVand (VCC + 6V). Below 


-0.5V the transmitter 
is diode 
clamped 
to ground 
with 


1kQ series 
impedance. 
The transmitter 
is also zener 


clamped 
to 
approximately 
VCC 
+ 6V, 
with 
a series 


impedance 
of 1kQ. 


The driver output slew rate is limited to less than 30V/IlS 
as required 
by the EIA-232E and V.28 specifications. 


RS-232 Receivers 


EIA-232E 
and V.28 specifications 
define 
a voltage 
level 
greater than 3V as a logic 0, so all receivers 
invert. Input 


thresholds 
are set at 0.8V and 2.4V, so receivers 
respond 


to TIL 
level inputs as well as EIA-232E and V.28 levels. 


The receiver 
inputs withstand 
an input overvoltage 
up to 


±25V and provide 
input terminating 
resistors with nominal 


5kQ values. 
The receivers 
implement 
Type 1 interpreta- 


tion of the fault conditions 
of V.28 and EIA-232E. 


The 
receiver 
input 
hysteresis 
is typically 
0.5V 
with 
a 


guaranteed 
minimum of 0.2V. This produces 
clear output 


transitions 
with 
slow-moving 
input 
signals, 
even 
with 


moderate 
amounts 
of noise 
and 
ringing. 
The receiver 


propagation 
delay is typically 
600ns and is independent 


of input swing direction. 


Low-Power 
Receive Mode 


The 
low-power 
receive-mode 
feature 
of the 
MAX223, 


MAX242, and MAX245-MAX249 
puts the IC into shutdown 


mode, 
but still allows 
it to receive 
information. 
This 
is 


important 
for applications 
where systems are periodically 


awakened 
to look for activity. 
Using 
low-power 
receive 


mode, the system can still receive a signal that will activate 
it on command 
and prepare 
it for communication 
at faster 


data rates. This operation conserves 
system power. 


MAX243 - Negative 
Threshold 


The 
MAX243 
is pin 
compatible 
with 
the 
MAX232A, 


differing 
only 
in that 
RS-232 
cable 
fault 
protection 
is 


removed 
on 
one 
of the 
two 
receiver 
inputs. 
This 


means 
that 
control 
lines 
such 
as CTS and 
RTS can 


either 
be driven 
or left floating 
without 
interrupting 


communication. 
Different 
cables 
are not needed 
to 


interface 
with 
different 
pieces 
of equipment. 
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The input 
threshold 
of the 
receiver 
without 
cable 
fault 
protection 
is -O.8V rather 
than 
+ 1.4V. 
Its output 
goes 
positive only if the input is connected 
to a control 
line that 


is actively 
driven negative. 
If not driven, 
it defaults 
to the 
o or "OK to send' 
state. 
Normally, 
the MAX243's 
other 
receiver 
(+ 1.4V threshold) 
is used for the data line (TO or 


RD), while the negative 
threshold 
receiver 
is connected 


to the control 
line (DTR, DTS, CTS, RTS, etc.). 


Other 
members 
of the 
RS-232 
family 
implement 
the 


optional 
cable 
fault 
protection 
as specified 
by EIA- 
232E 
specifications. 
This 
means 
a receiver 
output 


goes 
high 
whenever 
its input 
is driven 
negative, 
left 


floating, 
or shorted 
to ground. 
The high 
output 
tells 
the 
serial 
communications 
IC to stop 
sending 
data. 
To avoid 
this, 
the control 
lines 
must either 
be driven 


or connected 
with jumpers 
to an appropriate 
positive 


voltage 
level. 


Shutdown - MAX222·MAX242 


On 
the 
MAX222, 
MAX235, 
MAX236, 
MAX240, 
and 
MAX241, 
all receivers 
are disabled 
during 
shutdown. 


On the MAX223 
and MAX242, 
two receivers 
continue 
to 
operate 
in a reduced 
power 
mode 
when the chip 
is in 


shutdown. 
Under 
these 
conditions, 
the 
propagation 
delay 
increases 
to about 
2.511Sfor a high-to-Iow 
input 
transition. 
When 
in shutdown, 
the 
receiver 
acts 
as a 
CMOS 
inverter 
with 
no hysteresis. 
The 
MAX223 
and 
MAX242 
also have a receiver 
output 
enable 
input (EN) 


that 
allows 
receiver 
output 
control 
independent 
of 
SHDN. 
With all other 
devices, 
SHDN also disables 
the 
receiver 
outputs. 


Receiver and Transmitter 
Enable Control Inputs - MAX245·MAX249 


The MAX245-MAX249 
feature 
transmitter 
and 
receiver 


enable 
controls. 


The receivers 
have three modes 
of operation: 
full-speed 
receive 
(normal 
active), 
three-state 
(disabled), 
and low- 
power receive 
(enabled 
receivers 
continue 
to function 
at 
lower data rates). The receiver 
enable 
inputs control 
the 


full-speed 
receive 
and three-state 
modes. 
The transmit- 
ters 
have two 
modes 
of operation: 
full-speed 
transmit 


(normal active) and three-state 
(disabled). 
The transmitter 


enable 
inputs also control 
the shutdown 
mode. The de- 


vice 
enters 
shutdown 
mode 
when 
all transmitters 
are 
disabled. 
Enabled 
receivers 
function 
in the low-power 
receive 
mode when in shutdown. 


Tables 
1A-1 C define the control states. The MAX244 has 
no control 
pins and is not included 
in these tables. 


The MAX245 provides 
ten receivers and eight drivers with 


separate 
receiver 
and 
transmitter 
enable 
controls. 
The 


charge 
pumps turn off and the device shuts down when a 


logic 
high is applied 
to the ENT input. 
In this state, the 


supply current drops to less than 2511Aand the receivers 
continue 
to operate 
in a low-power 
receive mode. 
Driver 


outputs enter a high-impedance 
state (three-state 
mode). 


Eight of the receiver 
outputs 
are controlled 
by the ENR 


input, while the remaining 
two receivers 
(RA5 and RB5) 


are always 
active. 
RA 1-RA4 and RB 1-RB4 are put in a 


three-state 
mode when ENR is a logic 
high. 


The MAX246 
has ten receivers 
and 
eight 
drivers 
with 


two control 
pins, 
each 
controlling 
one side 
of the de- 
vice. 
A logic 
high 
at the A-side 
control 
input 
(ENA) 


causes 
the four A-side 
receivers 
and drivers 
to go into 


a three-state 
mode. 
Similarly, 
the B-side 
control 
input 


(ENB) causes 
the four B-side 
drivers 
and receivers 
to 


go into a three-state 
mode. 
As in the MAX245, 
one 


A-side 
and one B-side 
receiver 
(RA5 and RB5) remain 


active 
at all times. 
The entire 
device 
is put into shut- 


down 
mode 
when 
both 
the 
A and 
B sides 
are 
dis- 
abled, 
(ENA = ENB = +5V). 


The MAX247 
provides 
nine receivers 
and eight 
drivers 


with four control 
pins. 
The ENRA and 
ENRB receiver 


enable 
inputs 
each 
control 
four 
receiver 
outputs. 
The 


ENTA and ENTB transmitter 
enable 
inputs each control 
four drivers. 
The ninth receiver 
(RB5) is always 
active. 


The device 
enters 
shutdown 
mode with a logic high on 
both ENTA and ENTB. 
. 


The MAX248 
provides 
eight receivers 
and eight drivers 


with four control 
pins. 
The ENRA and 
ENRB receiver 


enable 
inputs 
each 
control 
four 
receiver 
outputs. 
The 


ENTA 
and ENTB transmitter 
enable 
inputs 
control 
four 


drivers 
each. 
This part does not have an always-active 


receiver. 
The device 
enters shutdown 
mode 
and trans- 
mitte~into 
a three-state 
mode 
with a logic 
high on 


both ENTA and ENTB. 


The 
MAX249 
provides 
ten receivers 
and 
six drivers 
with four control 
pins. 
The ENRA and 
ENRB receiver 


enable 
inputs 
each 
control 
five receiver 
outputs. 
The 


ENTA 
and 
ENTB 
transmitter 
enable 
inputs 
control 


three 
drivers 
each. 
There 
is no 
always-active 
re- 
ceiver. 
The device 
enters 
shutdown 
mode 
and trans- 
mitters 
go into a three-state 
mode 
with 
a logic 
high 
on both 
ENTA and 
ENTB. 
In shutdown 
mode, 
active 


receivers 
operate 
in a low-power 
receive 
mode 
at 


data 
rates 
less than 
20kb/s. 


____ 
Applications Information 


Figures 5 through 
24 show pin configurations 
and typical 
operating 
circuits. 
In applications 
that 
are 
sensitive 
to 


power-supply 
noise, Vcc should be decoupled 
to ground 
with a capacitor 
of the same value as C 1 and C2 connected 
as close as possible 
to the device. 
RS-232 receivers 
and 
drivers invert on all devices. 
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+5V INPUT 
C3 
E 
C5i 
16 
~ 
Cl+ 
Vcc 
V+ 
+10V 
C1 
+5VTO+l0V 
~ 


C1- 
VOLTAGE OOUBLER 


C2+ 
+10VTO-10V 
V- 
6 
-10V 
• 
C2 
VOLTAGE INVERTER 
E 


C2- 
~ 
C4 


11 
T1IN 
T10UT'}", 
~ 
='"'( 
INPUTS 
7 
OUTPUTS 
~ 
10 
T21N 
T20UT 
CO 


12 
R10UT 
R1IN'},. 
='"'( 
5k 
OUTPUTS 
INPUTS 
9 
R20UT 


5k 


CAPACITANCE 
(IlF) 


DEVICE 
C1 
C2 
C3 
C4 
C5 


MAX220 
4.7 
4.7 
10 
10 
47 


MAX232 
10 
10 
1.0 
10 
1.0 


MAX232A 
01 
01 
0.1 
0.1 
01 


+5V INPUT 
=0. 
= 
17 


Vcc 
+5VTO+10V 
VOLTAGE OOUBLER 


C1+ 


C1- 


C2+ 


(NC.) EN 
SHON 
C2- 


Vcc 
+5V 


GNO 


400k 


12 
T1IN 


T10UT 
"C,"" ( 
R11N 
INPUTS 
400k 
11 
T21N 
R10UT 


T1IN 


T21N 
(" 


R10UT 


R20UT 
TIL/CMOS 
OUTPUTS 


10 
R20UT 


DIP/SO 


7 
-10V 
V- 
C4 
~ 


T10UT 
15 


) ~~1~3TS 
T20UT 
8 


R1IN 
14 


} ~;,ljl 
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T40UT 


T51N 


N.C. 


SHUTDOWN 


T50UT 


T41N 


T31N 


V- 


C2- 


V- 
GND 


T10UT 


R11N 


R10UT 


DIP 


V+ 


vcc 


GND 


3 
T10UT 


RllN 


11 
R10UT 


T1IN 


+5V INPUT 


1~. 


+10VTO-10V 
13 
VOLTAGE INVERTER 
V- 
¥101lF 


T10UT 


T20UT 
3 


T30UT 
1 
RS-232 
OUTPUTS 


T40UT 
20 


T50UT 
16 


17 
SHUTDOWN 


+5V INPUT 


10~. 
= 
13 (15) 


Vcc 


(10) 
T1IN 


nUCMOS{ 
8 
INPUTS 


7 
T21N 


{ 


(11)g 


nUCMOS 
OUTPUTS 


GND 
= 12 (14) 


C2 
~ 
l~F 


R11N 10(1}2) 


RS-232 
INPUTS 


R21N 5 
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+5VINPUT 
E 


7 


TlIN 
TlOUT 


~ 


HCO"" 
( 
}~"' 


INPUTS 
OUTPUTS 


~ 


R20UT 
T21N 
T20UT 
18 


R21N 
• 


T20UT 
3 
Rl0UT 
R11N 
E 
v- 
HCO"" 
( 
5k }~m 
OUTPUTS 
INPUTS 


~ 


C2- 
20 
R20UT 
19 


C2+ 
5k 


V+(C1-) 
~ 


C1-(C1+) 
DO NOT MAKE 
8(13 
11 
(12) 
CD 


C1+ 
C2+ 


V-(C2+) 
CONNECTION TO {13(14 
Cl- 
C2+ 


15 
THESE PINS 


C2+ (C2-) 
12(10 
C2- 
16 
INTERNAL -1OV ( 
17 
V- 
10 
(11) 
POWER SUPPLY 
V- 
C2- 


DIP/SO 
INTERNP.L+l0V 
14(8) 
V+ 
POWER SUPPLY 


+5V INPUT 


1~. 


C1+ 


1011F 
C1- 


C2+ 
+10VTO-l0V 
10!lF 
C2- 
VOLTAGE INVERTER 


TlOUT 
1 


T20UT 
3 


TTUCMOS 
RS-232 
INPUTS 
13 
T30UT 
16 
OUTPUTS 


14 
T41N 
T4QUT 15 


GND 
= 5 


2-25 


T30UT 


T4QUT 


T41N 


T31N 


V- 
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G) 


~ 


TOPVIEW 


~i 


TlOUT 
3 


• 
T20UT 
4 
0 


~ 


TTUCMOS 
15 
T30UT 
2 
RS-232 


~ 


INPUTS 
OUTPUTS 


R31N 
i 


R3QUT 
16 
T40UT 
1 


TlOUT 
T51N 


T20UT 
4 
SHUTDOWN 
22 
T51N 
T50UT 
19 


R21N 
EN 


R20UT 
R10UT 
R11N 
10 
T50UT 


R41N 


R40uT 
6 
R20UT 
R21N 


Rl0UT 
T41N 


T31N 


23 
R30UT 
TTUCMOS 
R31N 
24 
RS-232 


R50UT 
OUTPUTS 
INPUTS 


R51N 
5k 


DIP 


17 
R40UT 
R41N 
18 


14 
RSoUT 
R51N 
13 


20 
EN 
21 
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TOP VIEW 


+5V INPUT 
E 
1~+ 


9 


~ 
10 
Vcc 
11 
+ 1.0~F 


C1+ 
+5VTO+10V 
V+ 


1.~F 
VOLTAGE OOUBLER 
~ 


C1- 


C2+ 
+10V TO -lOV 
15 
• 
1.0~F 
VOLTAGE INVERTER 
V- 


E 


C2- 
:E 1.0~F 


HOUT 
T10UT 
2 


~ 
R21N 


R20UT 
T20UT 
3 
~ 


SHUTDOWN 
CD 


nUCMOS 
400k 
RS-232 


RloUT 
EN 
INPUTS 
OUTPUTS 


18 
BIN 


T3 


BOUT 
1 


T41N 
+5V 


BIN 
400k 


19 
T41N 
HOUT 
24 


R30UT 
T4 


R31N 


~ 
V- 
5 
R10UT 
R1IN 
4 


C2- 


C2+ 


22 
R20UT 
R21N 
23 
RS-232 
TTL/CMOS 


. DIP/SO 
OUTPUTS 
INPUTS 


17 
R30UT 
R31N 
16 


20 
EN 
21 


GNO 


8 
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en 


~ 


TOPVIEW 
+5V INPUT 


1~+ 
)( 
9 
lOIlF 
10 
Vcc 
11 
+ 
; 


C1+ 
+5VTO +10V 
V+ 


lOIlF 
C1- 
VOLTAGE OOUBLER 


• 
l~F 
C2+ 
+10VTO-10V 
15 
0 


VOLTAGE INVERTER 
V- 


~ 


::E lOIlF 


T10UT 
2 
)( 
T40UT 
; 


R21N 


R20UT 
T20UT 
3 


T51N 
400k 
TSoUT 
nUCMOS 
18 
T31N 
T30UT 
1 
RS-232 


INPUTS 


T3 
OUTPUTS 


T4IN 
+5V 


400k 
T31N 
19 
T41N 
T40UT 
24 
T4 
R30uT 
+5V 


R31N 
400k 
21 
T51N 
T50UT 
20 
T5 


C2- 
5 
R10UT 
R11N 
4 


C2+ 
5k 


DIP/SO 


nUCMOS 
22 
R20UT 
R21N 
23 
RS-232 


OUTPUTS 
INPUTS 


5k 


17 
R30UT 
R3lN 
16 


5k 
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TOPVIEW 


+5V INPUT 
E 
1~+ 


9 


~ 


10 
Vcc 
11 
+ 1.0~F 


C1+ 
+5VTO+l0V 
V+ 


l.~F 
VOLTAGE DOUBLER 
~ 


Cl- 


C2+ 
+10VTO-10V 
15 
• 
1.0~F 
VOLTAGE INVERTER 
V- 


E 


C2- 
::E 1.0~F 


+5V 


400k 


~ 


BOUT 
5 
T1IN 
T1 
T10UT 
2 


R31N 
+5V 


400k 
~ 
R30UT 
1B 
T20UT 
1 
U) 
T41N 


TTL/CMOS 
RS-232 


T40UT 
INPUTS 
OUTPUTS 
19 
BOUT 
24 


T31N 


T21N 
21 
T41N 
T40UT 
20 


R4QUT 


R41N 
6 
R10UT 
RllN 
7 


C2- 


C2+ 
4 
R20UT 
R21N 3 


DIP/SO 


nUCMOS 
RS-232 
OUTPUTS 
INPUTS 


22 
R30UT 
R31N 23 


17 
R40UT 
R41N 
16 


5k 
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en 
7.5V -13.2V 


~ 


TOPVIEW 
+5V INPUT 
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O'C to +70'C 
28SS0P 


MAX223CWI 
O'C to +70'C 
28 Wide SO 
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-40'C 
to +8S'C 
28 SSOP 
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-40'C 
to +8S'C 
28 Wide SO 
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O'C to +70'C 
20 Plastic DIP 


MAX230CWP 
O'C to +70'C 
20 Wide SO 


MAX230C/D 
O'C to +70'C 
Dice' 


MAX230EPP 
-40'C 
to +8S'C 
20 Plastic 
DIP 


MAX230EWP 
-40'C 
to +8S'C 
20 Wide SO 
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-SS'C to + 12S'C 
20CERDIP 
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O'C to +70'C 
14 Plastic 
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O'C to +70'C 
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16 Narrow 
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-40'C 
to +8S'C 
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DIP 


MAX232AESE 
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to +8S'C 
16 Narrow 
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-40'C 
to +8S'C 
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O'C to +70'C 
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28 SSOP 


MAX241CWI 
O'C to +70'C 
28 Wide SO 


MAX241EWI 
-40'C 
to +8S'C 
28 Wide SO 


MAX242CPN 
O'C to +70'C 
18 Plastic 
DIP 


MAX242CWN 
O'C to +70'C 
18WideSO 


MAX242C/D 
O'C to +70'C 
Dice" 


MAX242EPN 
-40'C 
to +8S'C 
18 Plastic 
DIP 


MAX242EWN 
-40'C 
to +8S'C 
18WideSO 


+:Jv-,.,owerea 
MU'I,-"nanne, 
n~-~~~ 


Drivers/Receivers 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX242MJN 
-55·C to + 125·C 
18 CERDIP 


MAX243CPE 
O·C to +7O·C 
16 Plastic 
DIP 


MAX243CSE 
O·C to +7o"C 
16 Narrow SO 


MAX232CWE 
O·C to +7O·C 
16 Wide SO 


MAX243C/D 
O·C to +7O·C 
Dice· 


MAX243EPE 
-40·C to +85·C 
16 Plastic 
DIP 


MAX243ESE 
-40·C to +85·C 
16 Narrow SO 


MAX232EWE 
-40·C to +85·C 
16WideSO 


MAX243MJE 
-55·C to + 125·C 
16 CERDIP 


MAX244CQH 
O·C to +7O·C 
44 PLCC 


MAX244C/D 
O·C to +7O·C 
Dice· 


MAX244EQH 
-40·C to +85·C 
44 PLCC 


MAX245CPL 
O·C to +7O·C 
40 Plastic DIP 


MAX245C/D 
O·C to +7O·C 
Dice· 


MAX245EPL 
-40·C to +85·C 
40 Plastic 
DIP 


MAX246CPL 
O·C to +7O·C 
40 Plastic DIP 


MAX246C/D 
O·C to +7O·C 
Dice· 


MAX246EPL 
-40·C to +85·C 
40 Plastic 
DIP 


MAX247CPL 
0"C to +7o"C 
40 Plastic 
DIP 


MAX247C/D 
O·C to +7O·C 
Dice· 


MAX247EPL 
-40·C to +85·C 
40 Plastic 
DIP 


MAX248CQH 
O·C to +7O·C 
44 PLCC 


MAX248C/D 
O·C to +7O·C 
Dice· 


MAX248EQH 
-40·C to +85·C 
44 PLCC 


MAX249CQH 
O·C to +7o·C 
44 PLCC 


MAX249EQH 
-40·C to + 7o·C 
44 PLCC 


~III~JXI~III 
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_____________ Genera'Description 


The 
MAX223/MAX241 
are 
line 
drivers/receivers 
de- 
signed 
for RS-232 and V.28 communication 
interfaces, 
and in particular, 
for applications 
where 
±12V supplies 
are not available. 
The MAX223/MAX241 
include four line 
drivers, 
five receivers, 
a shutdown 
mode and a receiver 
enable 
input. 
On-board 
charge 
pumps 
convert 
the +5V 


input 
to the ±10V needed for RS-232 output levels. 
The 
MAX223/MAX241 
drivers and receivers 
meet all EIA/TIA- 
232E and 
CCID 
V.28 specifications 
at a data 
rate of 
20kbits/sec. 
The drivers maintain the ±5V EIA/TIA-232 output 
signal levels at data rates in excess of 120kbits/sec 
when 
loaded in accordance 
with the EIA/TIA-232E specification. 


The MAX223 has an active-low 
shutdown 
and an active- 
high receiver 
enable. 
In shutdown 
mode, two receivers 
are active, 
allowing 
ring indicator 
(RI) to be easily moni- 
tored. 
The MAX241 
has an active-high 
shutdown 
and 
an active-low 
receiver 
enable. 
In shutdown 
mode, 
all 


receivers 
are in a high-impedance 
three-state 
mode. 


The 
MAX223/MAX241 
are available 
in a 28-pin 
wide 


small-outline 
(SO) package 
and a 28-pin shrink smaIl-out- 


line package 
(SSOP), 
which 
requires 
40% 
the 
board 
space 
of the SO package 
Each operates 
with four 11lF 


capacitors, 
further reducing 
board space. 


___________________ App'ications 


Computers 
- Laptops, 
Palmtops, 
Notebooks 


Battery-Powered 
Equipment 
Hand-Held 
Equipment 


Features 


• 
2 Receivers 
Active 
in Shutdown 
Mode (MAX223) 


• 
Small 28-Pin SSOP Package 
- 40% the Area of 
SO Package 


• 
Low-Power 
Shutdown 
Current: 
1S!!A MAX223 


11lA MAX241 


• 
120kbits/sec 
Data Rate - Lap-Link 
Compatible 


• 
Guaranteed 
3V1lls Min Slew Rate 


• 
4 Drivers/S 
Receivers 


• 
Operate from Single +SV Power Supply 


• 
Designed 
for RS-232 and V.28 Applications 


• 
Three-State 
TTUCMOS 
Receiver 
Outputs 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX223CWI 
O'C to +70'C 
28 Wide SO 


MAX223CAI 
O'C to +70'C 
28 SSOP 


MAX223C/D 
OT 
to +70'C 
Dice' 


MAX223EWI 
-40'C 
to +85'C 
28 Wide SO 


MAX223EAI 
-40'C 
to +85'C 
28 SSOP 


Ordering 
Information 
continued 
on page 10. 


'Oice are specified 
at TA= +2S'C. 


HOUT 


R31N 


R3QUT 


SHDN 


EN 


R41N' 


R40UT' 


T41N 


T31N 


R50UT' 


R51N' 


HOUT 


R3lN 


R3QUT 


SHDN 


EN 


R41N 


R4QUT 


T41N 


T31N 


R50UT 


R51N 


Typical Operating 
Circuit on Page 9. 


.AI'IAXI.NI 
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Call toll free 1·800·998·8800 
for free samples or literature. 


+SV RS·232 Transceiver 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Vee 
v+ 
v- 
Input Voltages: 


TIN. 
RIN 
Output 
Voltages: 


TOUT. 
ROUT 


Short-Circuit 
Duration 
TOUT . 


Continuous 
Power Dissipation 
(TA = +70·C) 
Wide SO (derate 
12.S0mWrC 
above 
+ 70·C) 
. 
. .. 
1000mW 
SSOP (derate 9.S2mWrC 
above 
+70·C) 
762mW 
Operating 
Temperature 
Ranges: 
MAX223/241 C__ 
. 
O·C to + 70·C 


MAX223/241 
E_ _ 
-40"C to +8S"C 


Storage 
Temperature 
Range 
-6S"C to + 160·C 
Lead Temperature 
(soldering, 
10 see) 
. 
+300·C 


Stresses 
beyond 
those listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specificatiCXls 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


.... 
-0.3V to +6V 


. . . . . (Vee - 0.3V) to + 14V 
+0.3V to -14V 


-0.3 to (Vee 
+ 0.3V) 
±30V 


.. (V+ + 0.3V) to (V- - 0.3V) 


-0.3V to (Vee 
+ 03V) 


ELECTRICAL 
CHARACTERISTICS 


(Vee = 4.SV to S.SV. C1 - C4 = l~F, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
Swing 
All transmitter 
outputs 
loaded 
with 31<0to ground 
±S.O 
±7.3 
V 


Vee Power-Supply 
Current 
No load, TA = +2S"C 
7 
lS 
mA 


Shutdown 
Supply 
Current 
TA = +2S"C, Figure 
1 


MAX223 
lS 
SO 
~A 


MAX241 
1 
10 


Input Logic Threshold 
Low 
TIN; EN, SHTIf\J (MAX223), rn, SHDN (MAX241) 
0.8 
V 


Input Logic Threshold 
High 
TIN 
20 


EN, SHTIf\J (MAX223), 
EN, SHDN (MAX241) 
2.4 
V 


Logic 
PUll-Up Current 
TIN = OV 
lS 
200 
~A 


Receiver 
Input Voltage 
-30 
+30 
V 
Operating 
Range 


Normal 
Operation 
SHTIf\J = SV (MAX223), 
0.8 
1.2 
RS-232 Input Threshold 
Low 
TA = +2S·C, Vee = SV 
SHDN = OV (MAX241) 
V 


Shutdown 
(MAX223) 
0.6 
1.S 
SHDN = OV, EN = SV (R4, RS) 


Normal 
Operation 


SHTIf\J = SV (MAX223), 
1.7 
2.4 


RS-232 Input Threshold 
High 
TA = +2S·C, Vee = SV 
SHDN = OV (MAX241) 
V 


Shutdown 
(MAX223) 
1.S 
2.4 
SHTIf\J = OV, EN = SV (R4, RS) 


RS-232 Input Hysteresis 
Vee = SV; no hysteresis 
in shutdown 
0.2 
OS 
10 
V 


RS-232 Input Resistance 
TA = +2S·C, Vee = SV 
3 
S 
7 
kQ 


nUCMOS 
Output 
Voltage 
Low 
lOUT = 1.6mA 
0.4 
V 


nUCMOS 
Output 
Voltage 
High 
lOUT = -1.0mA 
3.S 
Vee - 0.4 
V 


nUCMOS 
Output Leakage 
Current 
OV S ROUT S Vee; EN = OV (MAX223); 
EN = Vee (MAX241) 
O.OS 
±10 
~A 


Receiver 
Output 
Enable 
Time 
Normal operation, 
Figure 2 
MAX223 
600 
ns 
MAX241 
400 


Receiver 
Output 
Disable 
Time 
Normal operation, 
Figure 2 
MAX223 
900 
ns 
MAX241 
2S0 


+SV RS-232 Transceiver with Two Receivers 


Active in Shutdown 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Vcc = 4.SV to S.SV, C1 - C4 = 11lF, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RS-232IN 
to 
Normal 
operation 
OS 
10 


Propagation 
Delay 
TIL/CMOS 
OUT, 
SHDN = OV I tPHLS 
4 
40 
Ils 
CL = lS0pF 


(MAX223) 
I tPLHS 
6 
40 


TA = +2S'C, 
Vcc = SV, 


Transition 
Region Slew Rate 
RL = 3kO to 7kO, 
3 
S.l 
30 
V/IlS 
CL = SOpF to 2S00pF, 
measured 
from +3V to -3V or -3V to +3V, Figure 3 


Transmitter 
Output 
Resistance 
Vcc = V+ = V- = OV,VOUT = ±2V 
300 
° 
Receiver 
Out Short-Circuit 
Current 
±10 
mA 


TRANSMITTER 
SLEW RATE 
vs. LOAD CAPACITANCE 


120 
1 TRANSMITTER LOAOED 
110 
TA=+25'C 
Vcc = +5V 


10.0 
LOAOEDRL= 3kfl 
C1-C4= 11lF 


.<!- 
9.0 
I 
I 


2:- 
2 TRANSMlnERS 
~ 
LOADEO 


~ 
80 


~ 
70 


V) 
6.0 


5.0 


4.0 


0 
500 
1000 
1500 
2000 
2500 
LOAD CAPACITANCE(pF) 


TRANSMITTER OUTPUT 
VOLTAGE (VOL) ¥S. Vee 


-6.0 


-6.5 


-70 
~ 
g 
-75 


1 TRANS- 
-8.0 
MInER 
LOADED 


2 TRANS- 
3 TRANS- 


-85 
MITTERS -MInERS 
LOADED 
LOADED 


-90 


4.5 
5.0 
55 


Vcc (V) 


..••••••. 
,..••• 
JX , ..••••••. 
, 


TRANSMITTER OUTPUT 
VOLTAGE (VOH) vs. Vee 


3 TRANS- 
MITTERS 
LOADED 


TA= +25'C 
t 
Cl-C4= 
11lF 
TRANSMlnER 


tJ~~~6MlnERS 
~~~f2500PF 


5.0 


Vcc(V) 


5 
10 
15 
20 
25 
30 
35 
40 
45 
50 


CURRENT(mA) 


+5V RS·232 Transceiver 
with Two Receivers 
Active in Shutdown 


TRANSMITTER 
OUTPUT VOLTAGE (VOH) 
Ys. LOAD CAPACITANCE AT 
DIFFERENT DATA RATES 


TRANSMITTER 
OUTPUT VOLTAGE (VoLl 


¥S. LOAD CAPACITANCE AT 


DIFFERENT DATA RATES 


TA= +2S·C 
-6.2 
Vcc = +SV 
3 TRANSMITTERS LOAOEO 
-6.4 
Rl=3kn 
Cl-C4 = 1liF 
7.0 


~ 
68 
160KBITS/SEC 
80KBITS/SEC 
is 
66 
20KBITS/SEC 
> 


I 


6.4 
TA= +2S·C 
Vcc = +SV 
3 TRANSMITTERS LOADED 
6.2 
Rl =3kn 
Cl-C4 = lliF 


60 


0 
SOD 
1000 
1S00 
2000 


LOAD CAPACITANCE (pF) 


-66 
~ 
-6.8 
~ 
-7.0 


-7.4 


-7.6 


2S00 
0 


V+, V- WHEN EXITING SHUTDOWN 
(11lF CAPACITORS) 


SOD 
1000 
1S00 
2000 
2S00 


LOAD CAPACITANCE (pF) 


EN 
INPUT~ 
~ 
--j 
OUTPUT ENABLE TIME 


RECEIVER 
OUTPUT 
Cl = 1S0pF 


+SV 


EN 
OV~ 
INPUT~-=if- 
OUTPUT DISABLE TIME 


RECEIVER 
'"VOH 
- 01V 
OUTPUTS 
,.'~ 
+2.SV 


---' 
VOL + 0.1V 


NOTE: POLARITY OF EN IS REVERSEDFOR THE MAX223. 


OV OR +S.SV { ...• 


DRIVE 


+SV RS·232 Transceiver 
with Two Receivers 
Active in Shutdown 


PIN 
NAME 
FUNCTION 


1,2,3,28 
TOUT 
RS-232Driver Outputs 
4,9,18,23,27 
R IN 
RS-232Receiver Inputs 


5,8,19,22,26 
R_OUT 
nUCMOS 
Receiver Outputs. For the MAX223, receivers R4 and R5 are active in shutdown 
mode when EN = 1. For the MAX241, all receivers are inactive in shutdown. 
6,7,20,21 
TIN 
nUCMOS 
Driver Inputs 


10 
GND 
Ground 


11 
VCC 
+4.5V to +5.5V Supply Voltaqe 


12,14 
C1+, C1- 
Terminalsfor positive charqe-pump capacitor 


13 
V+ 
+2Vcc voltaqe qenerated bv the charqe pump 
15,16 
C2+, C2- 
Terminalsfor neqative charge-pump capacitor 


17 
v- 
-2Vcc voltaqe generated by the charge pump 


24 
EN (MAX223l 
Receiver Enable 
Active hiqh 
See Shutdown 
and Enable 
Control section. 


EN (MAX241l 
Active low 


25 
SHDN (MAX223) 
Shutdown Control 
Active low 
See Shutdown 
and Enable 
Control section. 


SHDN (MAX241) 
Active hiqh 


______ 
Detailed Description 


The 
MAX223 
and 
MAX241 
consist 
of three 
sections: 


charge-pump 
voltage 
converters, 
drivers 
(transmitters), 
and receivers. 
Each section is described 
in detail below. 


+SV to ±10V Dual Charge·Pump 
Voltage Converter 


The +5V to ±1 OV conversion 
is performed 
by two charge- 


pump 
voltage 
converters 
(Figure 
4). 
The first uses ca- 


pacitor 
C1 to double 
the +5V to + 1OV, storing 
the + 1OV 


on the V+ output filter capacitor, 
C3. The second charge- 


pump voltage 
converter 
uses capacitor 
C2 to invert the 


+ 1OV to -10V, 
storing 
the -10V 
on the 
V- output 
filter 


capacitor, 
C4. 


In shutdown 
mode, V+ is internally 
connected 
to VCC by 


a 1kQ pull-down 
resistor 
and V- is internally 
connected 


to ground 
by a 1kQ pull-up 
resistor. 


RS·232 Drivers 


With VCC = 5V, the typical 
driver-output 
voltage 
swing is 


±8V when 
loaded 
with a nominal 
5kQ RS-232 receiver. 
The 
output 
swing 
is guaranteed 
to 
meet 
the 
EIA- 


232EN.28 
specification 
which 
calls 
for ±5V 
minimum 


output 
levels 
under 
worst-case 
conditions. 
These 
in- 


clude 
a minimum 
3kQ load, VCC = 4.5V, 
and maximum 


operating 
temperature. 
The open-circuit 
output voltage 


swing ranges from (V+ - O.6V) to V-. 


Input thresholds 
are both CMOS 
and TIL 
compatible. 
The inputs 
of unused 
drivers 
can be left unconnected, 
since 
400kQ 
pull-up 
resistors 
to VCC are included 
on 


chip. 
Since all drivers 
invert, the pull-up 
resistors 
force 


the outputs 
of unused 
drivers 
low. 
The 
input 
pull-up 


resistors typically 
source 151lA, therefore the driver inputs -=-- 


should 
be driven 
high 
or open 
circuited 
to minimize 
~ 
power-supply 
current 
in shutdown 
mode. 


When in low-power 
shutdown 
mode, 
the driver 
outputs 


are turned off and their leakage 
current 
is less than 1!lA, 


even if the transmitter 
output 
is backdriven 
between 
OV 


and 
(VCC 
+ 6V). 
Below 
-O.5V, 
the transmitter 
input 
is 


diode clamped 
to ground 
with a 1kQ series impedance. 


The transmitter 
input is also zener clamped 
to approxi- 
mately (VCC + 6V), with a series impedance 
of 1kQ 


RS·232 Receivers 


The receivers 
convert 
the RS-232 signals to CMOS logic 
output 
levels. 
The receiver 
outputs 
are inverting, 
main- 
taining compatibility 
with the driver outputs. 
The guaran- 
teed receiver 
input thresholds 
of O.8V (O.6V in shutdown 


for the MAX223) 
and 2.4V 
are significantly 
tighter 
than 


the ±3.0V thresholds 
required 
by the EIAfTlA-232E 
spec- 


ification. 
This allows the receiver 
inputs 
to respond 
to 


TIL/CMOS 
logic levels, as well as RS-232 levels. 


The MAX223/MAX241 
's guaranteed 
O.8V threshold 
en- 
sures that receivers 
shorted 
to ground will have a logic 1 
output. 
Also, the 5kQ input resistance 
to ground 
ensures 


that a receiver with its input left open will also have a logic 
1 output. 


The receiver 
inputs have approximately 
O.5V hysteresis. 


This provides 
clean output transitions, 
even with slow rise 


and fall time input signals with moderate 
amounts of noise 


and ringing. 
In shutdown, 
the MAX223 receivers 
R4 and 


R5 have no hysteresis. 


+SV RS-232 Transceiver 
with Two Receivers 


Active in Shutdown 


Shutdown and Enable Control 


The 
polarity 
of the 
receiver 
enable 
and 
shutdown 


logic levels for the MAX223 
are the inverse 
of those 


for the MAX241. 


Tables 
1a and 1b show the polarity of the shutdown 
and 


enable 
controls 
for the MAX223/MAX241. 


Table 1a. 
MAX223 
Control Pin Configurations 


-- 
OPERATION 
TRANSMITTERS 
RECEIVERS 


SHDN 
EN 
STATUS 
T1-T4 
R1-R3 
R4.RS 


0 
0 
Shutdown 
AlI3-State 
3-State 
3-State 


0 
1 
Shutdown 
Al13-State 
3-State 
Active 


1 
0 
Normal 
All Active 
3-State 
3-State 
Operation 


1 
1 
Normal 
All Active 
Active 
Active 
Operation 


+5V (OV) 


+5V (OV) 


- 
OPERATION 
TRANSMITTERS 
RECEIVERS 
SHDN 
EN 
STATUS 
T1-T4 
R1-RS 


0 
0 
Normal 
All Active 
All Active 
Operation 


0 
1 
Normal 
All Active 
AlI3-State 
Operation 


1 
0 
Shutdown 
AlI3-State 
Al13-State 


1 
1 
Shutdown 
AlI3-State 
Al13-State 


+5V(OV) 


+5V (OV) 


In shutdown 
mode, the MAX233/MAX241 
charge 
pumps 


are turned off, V+ is pulled 
down to VCC, V- is pulled to 


ground, 
the receiver 
outputs 
are put into a high-imped- 
ance state (R4 and R5 status depends 
on the EN pin if 


using the MAX223), 
and the transmitter 
outputs 
are dis- 
abled. 
This reduces 
the supply current to under 151lA for 


the MAX223 
and under 
11lA for the MAX241. 
The time 


required 
to exit shutdown 
is 1ms and 
is shown 
in the 


Typical Operating 
Characteristics. 


MAXIMUM 
SLEW-RATE TEST CIRCUIT 


( ) ARE FOR MAX241 


I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
~ 
~ 
L 
~ 


30kHz 
,: 
: 
nnl~' 
I 
~ 
U U·. 
I 


+SV RS·232 Transceiver 
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____ 
Applications Information 


Capacitor Selection 


The type 
of capacitor 
used 
is not critical 
for 
proper 
operation 
of the MAX223/MAX241. 
Aluminum 
electro- 


lytic, ceramic 
or tantalum 
capacitors 
are suggested. 
To 
ensure 
proper 
RS-232 
signal 
levels 
over 
temperature 
when using 
1J.lF capacitors, 
make sure the capacitance 
value does not degrade 
excessively 
as the temperature 
varies. 
If in doubt, 
use capacitors 
with a larger nominal 


value. 
Also observe the ESR (effective 
series resistance) 
value 
of the capacitors 
over temperature, 
since 
it will 
influence 
the amount 
of ripple on V+ and V-. To reduce 
the output impedance 
at V+ and V-, use larger capacitors 
(up to 10J.lF) 


Driving Multiple Receivers 


Each transmitter 
is designed 
to drive a single 
receiver. 


Transmitters 
can be paralleled 
to drive multiple receivers. 


Driver Outputs when Exiting Shutdown 


Figure 5 shows the MAX223/MAX241 
driver outputs when 
exiting shutdown 
mode. 
As they become 
active, the two 
driver outputs are shown going to opposite 
RS-232 levels 
(one driver input is high, the other is low). 
Each driver is 
loaded 
with 
3kQ 
in parallel 
with 
2500pF. 
The 
driver 


outputs 
display 
no ringing 
or undesirable 
transients 
as 
they come out of shutdown. 


TWO TRANSMITTER 
OUTPUTS 
1 iilGH. 1 LOW 


I+- 
SHUTDOWN-+!+- 
TRANSMITTERS ON 
--I 


3 TRANSMITTERS LOADED WITH 3krl I I 2500pF 
NOTE: 
SHUTDOWN POLARITY IS REVERSED FORTHE MAX241 


MAX223 Receiver 
Operation in Shutdown 
== 


During 
normal operation, 
the MAX223's 
receiver 
propa- 
-.;:: 
gation 
delay 
is O.5J.ls. 
When 
entering 
shutdown 
with 
,.. 
receivers 
active, 
R4 and R5 are not valid until 80J.ls after 
>c 


SHDN 
is driven 
low. 
In shutdown 
mode, 
propagation 
I\) 


delays 
increase 
to about 5J.lsfor a high-to-Iow 
or low-to- 
••••• 


high transition 
(VCC = +5V) as shown in Figure 6. 
i3 


Regardless 
of the status of the EN pin, receiver 
outputs § 
R1, R2 and R3 are inactive. 
_ 


When exiting 
shutdown, 
all receiver 
outputs 
are invalid 
~ 


until the charge 
pumps 
reach 
nominal 
values 
«2ms) 
-.. 
when using 1J.lFcapacitors. 
~ 


~••• 


RECEIVER 
INPUT 


OV 


HI 


OV 


RECEIVER 
OUTPUT 


Power-Supply Decoupling 


In applications 
that are sensitive 
to power-supply 
noise, 


decouple 
VCC to ground 
with a capacitor 
of the same 
value as the charge-pump 
capacitors. 


V+ and V· as Power Supplies 


A small amount of power can be drawn from V+ and V-, 
although 
this will reduce 
noise margins. 
See the Output 
Voltage vs. Load Current 
graph 
in the Typical Operating 
Characteristics. 


High Data Rates 


The MAX223/MAX241 
maintain 
the RS-232 ±5.0V mini- 
mum 
driver 
output 
voltage 
even 
at high 
data 
rates. 


Figure 6 shows one of three transmitter 
outputs 
driving 
3kQ II 2500pF 
loads at 120kbits/sec 


+SV RS·232 Transceiver 
with Two Receivers 


Active in Shutdown 


,.. 
Table 2. Summary 
of EIAfTIA-232E, 
V.28 Specifications 


~)(i 


~ 


~)(; 


PARAMETER 
CONDITION 
EIAlTIA-232E, 
V.28 SPECIFICATION 


Driver Output 
Voltage 
o Level 
3kn to 7kn 
load 
+5.0V to + l5V 
1 Level 
3kn to 7kn 
load 
-5.0V 
to -15V 
Output 
Level, Max 
No load 
±25V 


Data Rate 
3kn 
S RL S 7kn, 
Up to 20kbits/sec 
CLS 2500pF 


Receiver 
Input Voltage 
o Level 
+3.0V to + l5V 
1 Level 
-3.0V 
to -15V 
Input Level, Max 
±25V 


Instantaneous 
Slew Rate, Max 
3kn S RL S 7kn, 
30V/J,ls 
CLS 2500pF 


Driver Output 
Short-Circuit 
Current, 
Max 
100mA 


Transition 
Rate on Driver Output 
V28 
1ms or 3% of the period 


EIA!TIA-232E 
4% of the period 


Driver Output 
Resistance 
-2V < VOUT < +2V 
300n 


Table 3. DB9 Cable Connections 
Commonly 
Used for 


EIAfTlA-232E and V.24 Asynchronous Interfaces 


PIN 
CONNECTION 


Received 
Line Signal 
De- 
l 
tector (sometimes 
called 
Handshake 
from DCE 
Carrier 
Detect, 
DCD) 


2 
Receive 
Data (RD) 
Data from DCE 


3 
Transmit 
Data (TD) 
Data from DTE 


4 
Data Terminal 
Ready 
Handshake 
from DTE 


5 
Signal Ground 
Reference 
point for 
siqnals 
6 
Data Set Ready (DSR) 
Handshake 
from DCE 


7 
Request 
to Send (RTS) 
Handshake 
from DTE 


8 
Clear to Send (CTS) 
Handshake 
from DCE 
9 
Ring Indicator 
Handshake 
from DCE 


+5V RS·232 Transceiver 
with Two Receivers 
Active in Shutdown 


Typical Operating Circuit 
E 
+5V INPUT 


.NIAlXI.NI 
+ 
11 


~ 


MAX223 
1J.lFI 
Vcc 
C3 


MAX241 
C1+= 
12 C1+ 
+1J.lF 


1J.lF 
+5VTO+l0V 


14 C1- VOLTAGE OOUBLER 
~ 


C2+ 
15 C2+ 
17 
~ 
1J.lF 
+10VTO-10V 
16 C2- VOLTAGE INVERTER V- 
E 


T1IN 


~ 


T21N 
T20UT 
~ 
TTUCMOS 
INPUTS 
RS-232 
•• 
20 
OUTPUTS 
T3IN 
T30UT 


21 
28 
T41N 
T40UT 


CO"" J 


R10UT 
R11Nl 


5k 


R20UT 
R21N 


5k 


27 
R31N 
RS-232 
"~~1 


5k 


J 


INPUTS 


23 
R41N 


5k 


18 
R51N 


• NOTE: 
5k 
() ARE 
25 
- 
FOR MAX241. 
SHDN(SHDN) 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX241CWI 
O'C to +70'C 
28 Wide SO 


MAX241CAI 
O'C to +70"C 
28 SSOP 


MAX241 C/O 
O'C to +70'C 
Dice" 


MAX241EWI 
-40'C 
to +85'C 
28 Wide SO 


MAX241EAI 
-40'C 
to +85'C 
28 SSOP 


R20UT 


T21N 


T11N 


R10UT 


R11N 


GND 


, 
R40UT 


T41N 


T31N 


R50UT 


~III~JXI~III 


+3.3V Transceiver 
with Two EIAlTIA·562 


Receivers Active in Shutdown 


_______ 
Genera. Description 


The 
MAX560/MAX561 
are 
the 
first 
+3.3V-powered 


devices 
to implement 
the EIAlTIA-562 
standard, 
which 


guarantees 
interoperability 
with RS-232 interfaces. 
The 
MAX560/MAX561 
are guaranteed 
to operate with a +3.0V 


power supply at a 20kbits/sec 
data rate while maintaining 
±3.7V EIAlTIA-562 
signal levels. 


The MAX560/MAX561 
include 
four line drivers, 
five re- 


ceivers, 
a shutdown 
mode, and a receiver-enable 
input. 


An on-board 
charge-pump 
voltage 
converter 
converts 


the +3.3V input to the ±6.6V needed 
to comply 
with the 
EIA/TIA-562 
output 
levels. The MAX560 
has an active- 
low shutdown 
and 
an active-high 
receiver 
enable. 
In 


shutdown 
mode, two receivers 
are active, 
allowing 
uni- 


directional 
communication 
for peripheral 
monitoring. 
The 
MAX561 has an active-high 
shutdown 
and an active-low 
receiver 
enable. 
In shutdown 
mode, all receivers 
are in a 


high-impedance, 
three-state 
mode. 


The MAX560/MAX561 
are available 
in a standard 
28-pin 


wide 
small 
outline 
(SO) 
package 
and 
a 28-pin 
shrink 
small outline package 
(SSOP), which requires 40% of the 
board space of the SO package. 
Each operates 
with four 
1~F capacitors, 
further reducing 
board space. 


__________ 
App.ications 


Laptop 
Computers 
Palmtop Computers 
Notebook 
Computers 
Battery-Powered 
Equipment 


Features 


• 
2 Receivers 
Active in Shutdown 
Mode (MAX560) 


• 
Small 28-pin SSOP Package 
- 40% the Area of 


SO Package 


• 
Guaranteed 
Interoperability 
with RS-232 


• 
Operate 
from a Single +3.0V to +3.6V Supply 


• 
Designed 
for EIAlTIA-562 
Applications 


• 
4 Drivers/5 
Receivers 


• 
Low-Power 
Shutdown: 


<8~A MAX560 
<1~A MAX561 


• 
Three-State 
TTLICMOS 
Receiver 
Outputs 


• 
116kbits/sec 
Data Rate 
______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX560CWI 
O'C to +70'C 
28 Wide SO 


MAX560CAI 
O'C to +70'C 
28SS0P 


MAX560C/D 
O'C to +70'C 
Dice' 


MAX561CWI 
O'C to +70'C 
28 Wide SO 


MAX561CAI 
O'C to +70'C 
28 SSOP 


MAX561C/D 
O'C to +70'C 
Dice' 


TOPVIEW 


T40ur 
T40UT 


R31N 
R31N 


R30uT 
R30ur 


SHON 
SHON 


EN 
EN 


R41N' 
R41N 


R4our' 
R40UT 


T41N 
T41N 


BIN 
BIN 


R50UT' 
GNO 
R50ur 


Vcc 
R51N' 
R51N 


Cl+ 
Cl+ 


V+ 
C2- 
V+ 
C2- 


• ACTIVE IN SHUTDOWN 
Cl- 
C2+ 
SO/SSOP 
Cl- 
C2+ 


Typical operating circuit on last page 
/vl/1XI/vi 
Maxim 
Integrated 
Products 
2-53 


+3.3V Transceiver 
with Two EIA/TIA-562 
Receivers Active in Shutdown 


ABSOLUTE 
MAXIMUM 
RATINGS 


Vcc 
v+ 
v- 
Input Voltages 
TIN. 
RIN. 


Output Voltages 


TOUT. 
ROUT. 


Short-Circuit 
Duration 
TOUT . 
. 
Continuous 


Continuous 
Power Dissipation 
Wide SO (derate 
12.S0mWI'C 
above 
+70'C) 
1000mW 


SSOP (derate 
9.S2mWI'C 
above 
+70'C) 
762mW 


Operating 
Temperature 
Range. 
.O'C to + 70'C 
Storage Temperature 
Range 
-6S'C to + 160"C 


Lead Temperature 
(soldering, 
10 see) 
+300'C 


.... 
-0.3V to +6V 


. (Vcc 
- 0.3V) to + 14V 
+0.3V to -14V 


. . 0.3V to (Vcc 
+ 0.3V) 


. ... 
±2SV 


(V+ + 0.3V) to (V- - 0.3V) 
-0.3V to (Vcc 
+ 0.3V) 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 


operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not imptied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Vcc 
= +3.0V to +3.6V, C1 - C4 = l11F, TA = O'C to +70'C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


3 transmitter 
outputs 
loaded 
with 3kn 
to ground 
±3.7 
±4.2 


Output Voltage 
Swing 
(T1, T2, and T3) 
V 


Vcc 
= 3.3V, 4 transmitter 
outputs 
loaded 
with 3kn 
±3.7 
±4.S 
to ground 


Vcc 
Power-Supply 
Current 
No load, TA = +2S'C 
S 
8 
mA 


Shutdown 
Supply 
Current 
Figure 
1, TA = +2S'C 
I 
MAXS60 
8 
SO 
llA 
I 
MAXS61 
1 
10 


Input Logic Threshold 
Low 
TIN, EN, SHDN (MAXS60), 
SHDN (MAXS61) 
0.4 
V 


Input Logic Threshold 
High 
TIN, EN, SHDN (MAXS60), 
SHDN (MAXS61) 
2.4 
V 


Logic 
Pull-Up 
Current 
TIN = OV 
6 
13S 
llA 


Receiver 
Input Voltage 
-2S 
2S 
V 
Operating 
Range 


EIA/TIA-S62 
Input Threshold 
Low 


Normal 
operation 
0.4 
0.8 
V 


SHDN = OV,(R4IN, RSIN) 
I 
MAXS60 
04 
1.4 


EIA/TIA-S62 
Input Threshold 
High 
Normal 
operation 
1.1 
2.4 


V 


SHDN = OV, (R4IN, RSIN) 
I 
MAXS60 
1.4 
2.4 


EIA/TIA-S62 
Input Hysteresis 
No hysteresis 
when SHDN = OV 
I 
MAXS60 
0.3 
V 


EIA/TIA-S62 
Input Resistance 
TA = +2S'C, 
Vcc = 3.3V 
3 
S 
7 
kn 


CMOS 
Output 
Voltage 
Low 
lOUT = 1.6mA 
0.4 
V 


CMOS 
Output 
Voltage 
High 
lOUT = -4011A 
2.8 
Vcc-0.1 
V 


CMOS 
Output 
Leakage 
Current 
EN = VCC, OV ~ ROUT ~ Vcc 
OOS 
±10 
llA 


Output 
Enable 
Time 
Figure 2, TA = +2S'C 
800 
ns 


Output 
Disable 
Time 
I 
MAXS60 
lS00 


I 


ns 


MAXS61 
SOO 


+3.3V Transceiver 
with Two EIA/TIA·562 


Receivers Active in Shutdown 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(VCC = 3.0V to 3.6V, C1 - C4 = 111F,TA = O·C to +70·C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Receiver 
IN to 
Normal 
operation 
1.0 
10 


Propagation 
Delay 
Receiver 
OUT, 
MAX560 
I tPHLS 
4 
40 
llS 


CL = 150pF 


SHDN = OV I tPLHS 
6 
40 


Instantaneous 
Slew Rate 
CL = 50pF, RL = 3kn 
to 7kn, 
TA = +25·C (Note 
1) 
30 
V/llS 


Transition 
Region Slew Rate 
RL = 3kn, 
CL = 2500pF, 
2.5 
V/llS 
Measured 
from +3V to -3V or -3V to +3V 


Transmitter 
Output 
Resistance 
VCC = V+ = V- = OV,VOUT = ±2V 
300 
n 


Receiver 
Out Short-Circuit 
Current 
±10 
mA 


MAX560 
V+, V- WHEN EXITING SHUTDOWN 


MAX560 
TRANSMITTER OUTPUTS WHEN 
EXITING SHUTDOWN 


2TRANSMITIER 
OUTPUTS: 
1 HIGH, 1 LOW 


I+-SHUTOOWN -----I- 
TRANSMITIERS ON ----0/ 


3 TRANSMITIERS 
LOAOEO WITH 3kQ II 2500pF 


I-- SHUTOOWN -+-- 
TRANSMITIERS ON -----I 


3 TRANSMITIERS LOAOEO WITH 3kQ II 2500pF 


MAX560 
RECEIVER PROPAGATION DELAY IN SHUTDOWN 
TRANSMITTER OUTPUT AT 
160KBITS/SEC DRIVING 3 TRANSMITTERS 


OV 


TRANSMITIER OUTPUT 


TRANSMITTER SLEW RATE 
TRANSMITTER 
OUTPUT VOLTAGE (VOK) 


YS. LOAD CAPACITANCE 
YS. Vee 


6.0 
56 


5.5 
5.4 


50 
52 


~ 
5.0 
~ 
4.5 
~ 
~ 
4.8 
!;< 
'" 
cc 
4.0 
0 
3 TRANS- 
> 
MInERS 
~ 
4.6 
LOAOEO 
</) 
3.5 
TA= t25'C 
4.4 
Cl- 
C4 =it 
30 
42 
TRANSMlnERS 
TRANSMI 
ERS 
-LOADED WITH 


4.0 


LOADED 
3kl111 2500pF 


2.5 


0 
500 
1000 
1500 
2000 
2500 
3.0 
3.1 
32 
33 
3.4 
3.5 
36 


LOAD CAPACITANCE(pF) 
Vcc (V) 


TRANSMITTER 
OUTPUT VOLTAGE (VOL) 
OUTPUT VOLTAGE V+, V- 


YS. Vee 
YS. LOAD CURRENT 


-4.0 
TA = t25'C 
4 TRANS- 
-42 


~ 
~ciroEER~-~~AN~~littRS 


-44 
-LOADED WITH 


3kl111 2500pF 
::> 


-46 
:i 


-4.8 
~ 
VtAND V- 
V- LOADED, 
VtLOADED, 
~ 
t 
~ 
EQUALLY_NO 
LOAD 
_NO 
LOAD 


0 
-5.0 
a 
LOADED 
ONVt 
ONV- 
> 
1 TRANS- 
> 
-2 


-5.2 
MInER 
~ 
LOADED 
-5.4 
2 TRAN'S- -3TRANS- 


:::> 
-4 
a 


-5.6 
MInERS 
MInERS 
-6 
LOADED -LOADED 
ALL TRANSMlnERS UNLOADED 


-5.8 
-8 


30 
31 
32 
33 
3.4 
35 
36 
0 
10 
15 
20 
25 


Vcc (V) 
CURRENT(mAl 


TRANSMITTER 
OUTPUT VOLTAGE (VOK) 
TRANSMITTER 
OUTPUT VOLTAGE (VOL) 
YS. LOAD CAPACITANCE AT 
YS. LOAD CAPACITANCE AT 


DIFFERENT DATA RATES 
DIFFERENT DATA RATES 


4.6 
-36 


TA= t25'C 
4.5 
-3.8 
Vcc = t3.3V 
3 TRANSMlnERS LOADED 


4.4 
WITHRL=3kl111 LOADCAPACITANCE 


-4.0 
C1-C4=1~F 


4.3 
I 
160K8ITS/SEC 
-42 
~ 
4.2 
80KBITs/SEC 
~ 
is 
4.1 
20KBITS/SEC 
~ 
-4.4 
> 
I 
I 
4.0 
A=t25'C 
Vcc =t33V 
-4.6 
3.9 
TRANSMlnERS LOADEDWITH 


38 
RL= 3kl111 LOAD CAPACITANCE 
C1 - C4 = l~F 


3.7 
-50 


0 
500 
1000 
1500 
2000 
2500 
0 
500 
1000 
1500 
2000 
2500 
LOAD CAPACITANCE(pF) 
LOAD CAPACITANCE(pF) 


2-56 
/&I'I/J 
X 1/&1'1 


+3.3V Transceiver 
with Two EIAlTIA·562 


Receivers Active in Shutdown 


EN' 
INPUT~ 
~ 


--\ 
OUTPUT ENABLE TIME 
C1+ 
Vcc 
Vt 
C1- AotAXIAot 


C2t 
MAX561 
V- 


t3.6V 
C2- 
400k 


TIN 
t3.3V 


EN' 
OV~ 


INPUT~---=if- 
OUTPUT DISABLE TIME 


RECEIVER 
..VOH - 01V 
OUTPUTS 
/~ 
t1.7V 


--- 
VOltO.1V 


'NOTE 
MAX560 POLARITY IS INVERTED. 


RECEIVER 
OUTPUT 
Cl = 150pF 


OV OR t3.6V 
{ ...• 
DRIVE 


OV (t3.6V) 


PIN 
NAME 
FUNCTION 


1,2,3,28 
TOUT 
EINTIA-562 
Voltage-Level 
Driver Outputs 


4,9,18,23,27 
R IN 
EINTIA-562 
Voltaae-Level 
Receiver 
Innuts 


5,8,19,22,26 
CMOS 
Receiver 
Outputs. 
When using the MAX560, 
receivers 
R4 and R5 are active 
R_OUT 
in shutdown 
mode when EN = 1. When using the MAX561, 
all receivers 
are inactive 
in 
shutdown. 


6, 7, 20, 21 
TIN 
CMOS 
Driver Inputs 


10 
GND 
Ground 


11 
Vcc 
+3.0V to +3.6V Supply 
Voltage 


12,14 
C1+, C1- 
Terminals 
for positive 
charge-pump 
capacitor 


13 
V+ 
+2VCC Voltage 
generated 
by the charqe 
pump 


15,16 
C2+, C2- 
Terminals 
for neaative 
charge-pump 
capacitor 


17 
V- 
-2VCC Voltage 
generated 
by the charge 
pump 


24 
EN (MAX560) 
Receiver 
Enable 
Active 
high 
See Shutdown 
and Enable 
Control section. 
EN (MAX561) 
Active 
low 


25 
SHDN IMAX560) 
Shutdown 
Control 
Active 
low 
See Shutdown 
and Enable 
Control section. 
SHDN (MAX561) 
Active 
high 


______ 
Detailed Description 


The MAX560/MAX561 
consist of three sections: 
charge- 


pump 
voltage 
converters, 
transmitters 
(drivers), 
and 
receivers, 
Each section 
is described 
in detail below, 


+3.3V to ±6.6V Dual Charge·Pump 
Voltage Converter 


The +3,3V to±6,6V conversion 
is performed 
by two charge- 


pump 
voltage 
converters 
(Figure 
3), 
The 
first 
uses 
capacitor 
C1 to double 
the +3,3V to +6,6V, storing 
the 
+6,6V on the V+ output filter capacitor, 
C3, 
The second 
charge-pump 
voltage 
converter 
uses 
capacitor 
C2 to 


invert 
the 
+6,6V 
to -6,6V, 
storing 
the -6,6V 
on the V- 
output filter capacitor, 
C4, 


In shutdown mode, V+ is internally connected 
to VCC by a 


1kQ pull-down 
resistor and V- is internally connected 
to 
ground by a 1kQ pull-up resistor, 


EIA/TIA·562 
Drivers 


The drivers are inverting level translators that convert +3V 
logic input levels to EIA/TIA-562 voltage levels, The driver 
outputs 
are inverting 
since the EIA/TIA-562 
specification 
defines 
a receiver 
input voltage 
level greater 
than +3V 
as a 0, and a voltage 
level less than -3V as a 1, With 


+3.3V Transceiver with Two EIAlTIA-562 
Receivers Active in Shutdown 


MAX560 
MAX561 


SHDN = 1: 
SHDN = 0: 
_ 


Normal Operation 
receivers active (EN = 1), 
receivers active (EN = 0), 


receivers inactive (EN = 0) 
receivers inactive (EN = 1) 


SHDN = 0: 
SHDN = 1: 


Shutdown 
Mode 
receivers R1-R3 inactive (EN = 1), 
receivers inactive (EN = 0), 
receivers R4 and RS active (EN = 1), 
receivers R1-RS inactive (EN = 0) 
receivers inactive (EN = 1) 


I 
57 
: 
I 
I 
I 


I 
I 
1 
I 
~ 
~ 
L 
~ 


25kHz 
,: 
: 
nnl~1 
I 
-.-JUU~. 
I 


Vcc 
= +3.0V, 
the typical 
output 
voltage 
swing 
is 4.1V 
when driving three transmitters, 
each with the worst-case 
3kQ 
load. 
Under 
such 
conditions, 
the output 
swing 
is 
guaranteed 
to meet the EINTIA-562 
minimum 
specifica- 
tion of 3.7Voutput 
voltage swing. The open-circuit 
output 
voltage 
swings from (V+ - O.6V) to V-. 


The 
inputs 
of unused 
driver 
sections 
should 
be con- 


nected 
to VCC, but can be left unconnected; 
an internal 


400kQ 
input 
pull-up 
resistor 
to VCC will pull the inputs 
high, forcing 
unused 
transmitter 
outputs 
low. 
The input 


pull-up 
resistors 
typically 
source 
6J.1A;therefore, 
the 
driver inputs should 
be driven 
high or open circuited 
to 
minimize 
power-supply 
current 
in shutdown 
mode. 


When in the low-power 
shutdown 
mode, the driver out- 


puts are turned off and their leakage 
current 
is less than 
1J.1Awith the driver output 
pulled 
to ground. 
The driver 
output 
leakage 
remains 
less than 1J.1A,even if the trans- 
mitter output 
is backdriven 
between 
OV and (VCC + 6V). 


Below 
-O.5V, the transmitter 
input 
is diode 
clamped 
to 
ground 
with 
a 1kQ series 
impedance. 
The transmitter 


input is also zener clamped 
to approximately 
(VCC + 6V), 
with a 1kQ series impedance. 


EIAIJ'IA·562 Receiver. 


The receivers 
convert 
±3. 7V to ±13.2V EINTIA-562 
level 
signals 
to +3V logic output 
levels. 
The receiver 
outputs 


are inverting, 
maintaining 
compatibility 
with the driver 


outputs. 
Maxim 
has 
set 
guaranteed 
receiver 
input 
thresholds 
of O.4V and 2.4V, which are significantly 
tighter 


than the ±3.0V thresholds 
required 
by the EINTIA-562 


specification. 
This allows the receivers 
to respond 
to +3V 


logic levels as well as EINTIA-562 
levels. 


The MAX560/MAX561 
's guaranteed 
O.4V lower threshold 


ensures that a receiver shorted to ground will have a logic 
1 output. 
The 5kU input 
resistance 
to ground 
ensures 


that a receiver with its input left open will also have a logic 
1 output. 


The receivers 
have approximately 
O.3V hysteresis. 
This 


provides 
clean output transitions, 
even with slow rise and 


fall time input signals with moderate 
amounts of noise and 


ringing. 
In shutdown, 
the MAX560 
receivers 
R4 and R5 


have no hysteresis. 


Shutdown and Enable Control 


THE 
POLARITY 
OF THE 
RECEIVER 
ENABLE 
AND 


SHUTDOWN 
LOGIC LEVELS 
FOR THE MAX560 
ARE 


THE INVERSE 
OF THOSE 
FOR THE MAX561. 


Table 
1 shows the polarity 
of the shutdown 
and enable 


controls 
for the MAX560/MAX561. 


In shutdown 
mode, the MAX560/MAX561 
charge 
pump 


is turned 
off, V+ is pulled 
down to VCC, and V- is pulled 


to ground. 
Also, 
the 
receiver 
outputs 
are 
put 
into a 


high-impedance 
state (R4 and R5 status depend 
on the 


EN pin if using the MAX560) 
and the transmitter 
outputs 


are 
disabled. 
This 
drops 
the 
supply 
current 
to ap- 


proximately 
8J.1Afor the MAX560 and 1J.1Afor the MAX561. 


The time required 
to exit shutdown 
is typically 
1ms, as 


shown in the Typical Operating 
Characteristics 
graphs. 


+3.3V Transceiver 
with Two EIA/TIA-S62 


Receivers Active in Shutdown 


____ 
Applications Information 


Capacitor Selection 


The 
type 
of capacitor 
used 
is not critical 
for 
proper 
MAX560/MAX561 
operation. 
Aluminum 
electrolytic, 


ceramic, 
or tantalum 
capacitors 
are suggested. 
To en- 
sure proper 
EIA/TIA-562 
signal 
levels over temperature 
when using 
1~F capacitors, 
make sure the capacitance 
value does not degrade 
excessively 
as the temperature 
varies. 
If in doubt, 
use capacitors 
with a larger nominal 
value. Also observe 
the effective 
series resistance 
(ESR) 
value 
of the capacitors 
over temperature, 
since 
it will 


influence 
the amount 
of ripple on V+ and V-. To reduce 
the output impedance 
at V+ and V-, larger capacitors 
(up 
to 10~F) can be used. 


Driving Multiple Receivers 


Each transmitter 
is designed 
to drive a single 
receiver. 
Transmitters 
can be paralleled 
to drive multiple recievers. 


Transmitter 
Outputs when 
Exiting Shutdown 


The Typical Operating 
Characteristics 
section shows the 
reaction 
of the MAX560 transmitter 
outputs 
when exiting 
shutdown. 
Two transmitter 
outputs 
are shown 
going 
to 
opposite 
RS-232 
levels 
as they 
become 
active 
(one 
transmitter 
is high, 
the other 
low). 
Each transmitter 
is 
loaded with 3kQ in parallel with 2500pF. 
The transmitter 
outputs 
display 
no ringing 
or undesirable 
transients 
as 
they come out of shutdown. 


MAX560 Receiver 
Operation in Shutdown 


During 
normal 
operation, 
the 
MAX560's 
receiver 
propagation 
delay is typically 
1~s. When entering 
shut- 
down 
with the receiver 
active, 
the receiver 
outputs 
R4 
and R5 are not valid until 80~s after SHDN is driven low. 
In shutdown 
mode, 
propagation 
delay 
increases 
to a 


typical 
4~s for a high to low transition 
and 6~s for a low 
to high transition 
(VCC = +3.3V), as shown in the Receiver 
Propagation 
pelay 
in Shutdown 
graph 
in the 
Typical 
Operating 
Characteristics. 
Irrespective 
of EN, receiver 
outputs 
R1, R2, and R3 are inactive 
in shutdown. 
When 


exiting shutdown, 
all receiver outputs 
are invalid until the 
charge 
pumps 
reach nominal 
levels (500~s when using 
1~F capacitors). 


Power-Supply Decoupling 


In applications 
that are sensitive 
to power-supply 
noise, 


decouple 
Vcc 
to ground 
with a capacitor 
of the same 
value as the charge-pump 
capacitors. 


V+ and V- as Power Supplies 


A small amount 
of pow'er can be drawn from V+ and V-, 
although 
this will reduce 
transmitter 
noise margins. 
See 


the Output Voltage vs. Load Current graph 
in the Typical 
Operating 
Characteristics 
section. 


High Data Rates 


The MAX560/MAX561 
maintain 
the 
EIA/TIA-562 
±3.7V 
minimum 
transmitter 
output 
voltage 
even 
at high 
data 


rates. 
The 
Typical 
Operating 
Characteristics 
show 
a 
transmitter 
output at 160kbits/sec. 


______ 
EIA/TIA Standards 


Before the MAX232 was invented, 
many 'quasi" 
RS-232 
interfaces 
were implemented 
with ±5.0V power supplies. 


Output 
levels from the transmitters 
often failed 
to meet 
the RS-232 specifications, 
but the interfaces 
were func- 


tional 
over 
short 
distances, 
often 
at data 
rates 
above 
20kbits/sec, 
due to the RS-232's 
2V margin 
between 
its 
±5V minimum 
transmitter 
output 
specification 
and 
the 
±3V 
receiver 
input 
specification. 
The 
advent 
of +3V- 


powered 
systems 
led to the creation 
of the EIA/TIA-562 
specification. 
Table 2 summarizes 
both specifications. 


PARAMETER 
CONDITION 
EIAlTIA-232EIV.28 
EIAITIA-562 


SPECIFICATION 
SPECIFICATION 


Driver Output 
Voltage 
o Level 
3kQ to 7kQ Load 
5.0V to 15.0V 
3.7V to 13.2V 


1 Level 
-50Vto-150V 
-3.7V to -13.2V 


Maximum 
Outout 
Level 
No load 
+25V 
+13.2V 


Signal Rate (3kQ ~ RL ~ 7kQ) 
CL = 2500pF 
Up to 20kbits/sec 
Up to 20kbits/sec 


CL = 1000pF 
Not defined 
Up to 64kbits/sec 


••• 
Table 2. 
Summary 
of EIAITIA-232E1V.28 
and EIAlTIA-562 
Specifications 
(continued) 


CO 


~i 
~ 
CO 


~i 


PARAMETER 
CONDITION 
EIAfTIA·232EN 
.28 
EIAfTIA·562 


SPECIFICATION 
SPECIFICATION 


Receiver 
Input Thresholds 


o Level 
3.0V to 15.0V 
3.0Vto 
15.0V 


1 Level 
-3.0V to -15.0V 
-3.0V to -15.0V 


Maximum 
Input Level 
±25V 
±25V 


Maximum 
Instantaneous 
Slew Rate 
30V//is 
30V//is 


Maximum 
Driver Output Short-Circuit Current 
100mA 
60mA 


Transition 
Rate on 
V.28 1ms or 3% of the period 
4V/IiS 
Driver Output 
RS-232 4% of the period 


Driver Output 
Resistance 
with Power Off 
-2V < VOUT < 2V 
3000 
3000 


Typical Operating Circuit 


~AXI~ 


MAX560 
MAX561 
C1 
+ 


1JJ.F 
13 


17 
v- 


C4 
:r 1JJ.F 


2 = 


T1IN 
T10UT 


T21N 
T20UT 


CMOS 
EINTIA-S62 
INPUTS 
20 
OUTPUTS 


T31N 
T30UT 


21 
28 
T41N 
T40UT 


'"OSJ 


R10UT 
R11N 
L,~" 


R20UT 
R21N 


26 
27 


O"'~"1 


R30UT 
R31Nr~ 
R4QUT 


22 
23 


R41N 


RSoUT 


19 
18 
RSIN 


• NOTE: 
() ARE 
FOR MAXS61. 
(SHDN)SHDN 


_______ 
Op Amps/Butters/Comparators 


Op Amps/Buffers/Comparators, Tables and Product Trees 
3-2 
MAX406 
Ultra-Low Power CMOS Operational Amplifier 
3-5 
MAX407 
1.2f.IAMax. Dual. Single-Supply Op Amp 
3-5 
MAX410 
Single, 28MHz. Low-Noise, Low-Voltage, Precision Op Amp 
3-17" 
MAX412 
Dual, Low-Noise, Low-Voltage Precision Op Amp 
3-21 
MAX414 
Quad. 28MHz, Low-Noise, Low-Voltage, Precision Op Amp 
3-17" 
MAX438 
High-Speed. Micropower Op Amp 
3-31" 
MAX439 
High-Speed. Micropower Op Amp 
3-31" 
MAX516 
Quad, DAC-Programmed CMOS Comparators 
3-35 
MAX905 
High-Speed, Clocked D - Flip Flop, ECLVoltage Comparator 
3-41 
MAX906 
Dual High-Speed, Clocked D - Flip Flop, ECLVoltage Comparator 
3-41 
MAX907 
High-Speed. Ultra-Low Power, Single +5V, Dual TTL Comparator 
3-53" 
MAX910 
High-Speed. Threshold-Programmable Voltage Comparator 
3-57 
MAX911 
High-Speed, Threshold-Programmable Voltage Comparator 
3-57 


OpAmps 


Unity 
Supply 
Supply 
Prlcef 


Part 
Vas 
TCVas 
IBIAS 
GBW 
Voltage 
Current 
100Cklp 
Number 
(mV max) 
\llVrC 
max) 
(nAmax) 
(MHz) 
(V) 
(mAmax) 
Feature. 
($) 
MAX400 
10101S1LV 
0.3 
2 
0.4 
±310 ±18 
4 
Ullra-low Vos &: drift 
5.16 
non <hopper 
stabilized 
MAX402 
2 
25 
5 
2/6(Av?5) 
±5 
7S1LA 
High-speed,micropower 
1.98 


MAX403 
2 
33 
25 
10/30(Av?5) 
±5 
3751lA 
High-speed, 
mieropower 
2.75 
MAX406 
0.5 to 2.0 
10 
10pA 
0.008100.040 
+2.5 10+10 
1.2ItA 
Lowesl power, single sUfply, 
2.54 
outpul swings rail-to-rai 
MAX407 
1.0 to 3.0 
10 
10pA 
0.04 
+2.510 +10 
1.2ItA/amp. 
Dual MAX406, unity-gain 
stable 
tt 
MAX408/428/448 
61012 
15 to 20 
l.l1JA 
100 (Av l! 3) 
±5 
10/amp. 
Sin~le/dua1/quad 
high-speed, 
3.072/4.06/6.74 
hig 
outpUI current 
MAX409 
3 
10pA 
150kHz 
+2.5 to +10 
1.2ItA 
High-speed, 
decompensated 
MAX406 
tt 
(Avl!10V/V) 
MAX410/412/414 
25OJ.tV 
1.0 
150 
28 
±2.410±5 
2.62/amp. 
Sinfle/ d{fff quad, high-speed, 
low noise, 
tt/2.98/tt 
<2. nV/ 
z allkHz 
guaranteed, 
unity- 
gain stable 
MAX420/422 
51010llV 
0.05 
0.03 to 0.10 
0.125 to 0.5 
±15 
0.5 to 2 
±15V chopper 
stabilized 
3.77/4.21 
MAX421/423 
510101lV 
0.05 
0.03100.10 
0.125 to 0.5 
±15 
0.5 to 2 
±15V ch0P]';;r stabilized with clamped 
4.21/5.57 
oUlpul an 
INT /EXT clock option 
MAX43O/432 
SlLV 
0.05 
0.1 
0.125 to 0.5 
±15 
0.5 to 2 
±15V chopper 
stabilized with internal caps 
4.~/5.29 
! 
MAX438 
2 
25typ 
5 
fX.Av?5VIV) 
±5 
75v-A 
High-speed,micropower; 
10V/jJ.S slew rate 
1.98 


MAX439 
2 
25typ 
25 
25(Av?5V /V) 
±5 
3751JA 
High-speed,micropower;48V 
/jJ.S slew rale 
2.75 
MAX480 
701lV 
1.5 
3 
0.02 
±D.8 to ±18 
151lA 
Low Vos &: drift, micropower, 
3.68 
±1.6 to ±36 
single supply, inpul/ output extend 
to negative rail 
LHOl01 
31010 
10 typ 
300 to lk 
5 
±5 to ±15 
35 
5A peak power op amp 
18.98 
MAX427/437 
lS1LV 
0.6 
40 
8/63 
±4 to ±18 
4.7 
High-speed, 
low noise, 3nV /'IHZ precision 
tt 
(Av?5V/V) 
ICL7611 
21015 
101025 
0.05 
0.044101.4 
±1.0 10±8 
0.02102.5 
Programmable 
quiescenl current 
1.58 


ICL7612 
51015 
151025 
0.05 
0.044101.4 
±1.0 10±8 
0.02102.5 
Programmable 
quiescenl currenl, 
1.81 
rail-to-rail input and output 
ICL7614 
21015 
151025 
0.05 
0.48" 
±1.0 to ±8 
0.25 
External compensation 
0.95 
ICL7616 
21015 
151025 
0.05 
0.044101.4 
±1.0 10±8 
0.02 to 2.5 
Programmable 
~uiescent 
currenl, 
1.62 
eXlended CMV 
ICL7621/7622 
51015 
151025 
0.05 
0.48 
±1.0 10±8 
0.25 
Dual, low 181AS &: los 
1.55/1.48 


ICL7631/7632 
51020 
15 to 30 
0.05 
0.044101.4 
±1.0 10±8 
0.022102.5 
Triple op am~, programmable 
quiescent 
2.27/2.12 
current-ICL 
632 is externally compensated 
ICL7641/7642 
51025 
15 to 30 
0.05 
0.044 to 1.4 
±1.0 to ±8 
0.D15to 2.5 
Quad 
1.70/1.91 


ICL7650 
51010llV 
0.05 to 0.10 
0.01 to 0.02 
2 
±5 
2 
Industry-standard 
chopper stabilized 
2.39 


ICL7652 
51010llV 
0.05 
0.03 
0.45 
±5 
2 
Low noise, industry-standard, 
chopper 
3.06 
stabilized 


" 
External 39pt' compensation 
capacitor added. 


t 
Prices provided 
are for design guidance and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 
tt Future product - contact factory for pricing and availability. I 


Op Amps (cantinL 


Unity 
Supply 
Supply 
Price 
Part 
VOS 
TCVos 
IBIAS 
GBW 
Voltage 
Current 
100(). 


Number 
(ILVmax) 
(j.lvrCmax) 
(nAmax) 
(MHz) 
(V) 
(mAmax) 
Features 
($) 
LTlOOl 
15 to 60 
0.6 to 1 
2to4 
0.8 
±3 to±18 
2 
Industry-standard 
precision 
1.73 


LTl028 
40 to SO 
0.8 to 1 
90 to ISO 
75 (Av >2) 
±4to±18 
9.5 to 10.5 
Lowest noise, high-speed 
4.21 
OP07 
25 to 150 
0.6 to 2.5 
2 to 12 
0.6 
±3 to±18 
4 
Industry-standard 
precision 
1.58 


0P27 
25 to 100 
0.6 to 1.8 
40 to SO 
8 
±3 to±18 
4.6 to 5.6 
Industry-standard 
low noise 
tt 
0P37 
25 to 100 
0.6 to 1.8 
40 to SO 
63(Av~5) 
±3 to±18 
4.6 to 5.6 
Industry-standard 
low noise 
tt 
01'90 
150 to 450 
2to5 
15 to 25 
0.020 
±O.8to±18 
15 to 20tLA 
Industry-standard 
micropower 
1.60 
±1.6to±36 
PGAl00 
ImV 
6typ 
O.ltyp 
5 
ae15 
27 (kc) 
56.14 
Campara, 


Price' 


Part 
Latched 
Supply 
Current 
Tpd 
1000- 


Number 
# Comps 
logic 
Outputs 
(mAmax) 
(nstyp) 
Features 
($) 
HIGH SPEED 
MAX900 
4 
'ITL 
Yes 
15 (Ieel 
8.0 
Single +5V capability, low power, CMVR 
7.01 


Co> 
extends to neg. rail, separate analog &: 
N 
digital supplies, internal pull-up resistors 
MAX901 
4 
'ITL 
No 
15 (Ieel 
8.0 
MAX900 without output latch 
5.98 
MAX902 
2 
'ITL 
Yes 
8 (Ia:) 
8.0 
DualMAX900 
4.01 
MAX903 
1 
'ITL 
Yes 
4 (Ia:) 
8.0 
Single MAX900 
3.15 
MAX905 
1 
ECL 
Yes 
24 (I••) 
1.8 
Edge-triggered 
master I slave architecture 
3.58 
eliminates oscillations and resolves 
3mV input voltages 
MAX906 
2 
ECL 
Yes 
48(1••) 
1.8 
DualMAX905 
5.29 
MAX907 
2 
'ITL 
No 
475fLA/comp. 
30 
High speed, ultra low power, single +5V, 
tt 
8-pin DIP ISO, 2mV hysteresis 
MAX908 
4 
'ITL 
No 
475fLA/comp. 
30 
High speed, ultra low power, single +5V, 
tt 
14-pin DIP ISO, 2mV hysteresis 


MAX910 
'ITL 
Yes 
30 (Ieel 
8.0 
TfL..{:ompatible, 8-bit digitally programmable 
5.20 
input voltage threshold, 
on-board reference 
MAX911 
1 
ECL 
Yes 
30 (Ieel 
4.0 
MAX910 with differential 
ECL outputs 
5.20 
MAX9685 
1 
ECL 
Yes 
32 (lee> 
1.3 
Higher speed industry-standard 
3.38 
MAX9686 
1 
'ITL 
Yes 
25 (Ieel 
6.0 
Higher speed industry-standard 
2.31 


MAX9687 
2 
ECL 
Yes 
68 (I••) 
1.4 
Higher speed industry-standard 
5.12 
MAX9690 
1 
ECL 
No 
32 (lee> 
1.3 
8-lead PDIP ISO 
3.29 
MAX9698 
2 
'ITL 
Yes 
50 (Ieel 
6.0 
Higher speed industry-standard 
3.92 
SPEOAL 


t 
Prices provided are for design guidance and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 


tt Future product - contact factory for pricing and availability. 


* MAX516 
(quad, programmable 
VfH) 
mOUTPUT 


MAX900 
(quad, single supply) 


MAX901 
(quad, single supply) 
* MAX902 
(dual, single or dual supply) 
* MAX903 
(single or dual supply) 
* MAX907 
(dual, single supply, low power) 
* MAX908 
(quad, single supply, low power) 
* MAX910 
(programmable 
VfH) 


MAX9686 


MAX9698 
(dual) 


* New product since tbepublicaliOll 
oflbe 
1990 SbortPormProduet 
Guide.I 


ECLOUTPUT 
* MAX905 
(master/slave, 
clocked) 


MAX906 
(dual, master/slave, 
clocked) 
* MAX911 
(programmable 
VfH) 
* MAX9686 
(dual, master/slave, 
clocked) 


MAX9685 


MAX9687 
(dual) 


MAX9690 


AMPLIFIERS 


LOW 
VOS 
PROG. 
GAIN 


MAX400 
* MAX427 
* MAXt37 


MAX480 


OPf11 


Co> 
OP27 
J. 
OP37 


OP90 


LTlOOl 


LTl028 


MAX420 


MAX~l 


MAXW 


MAXU3 


MAX430 (internal caps) 


MAXt32 (internal caps) 


lCL7650 


ICL7652 


LOW 
LOW 
IB 
NOISE 
MAX402 (2-10MHz) 


MAX406 «lpA) 
MAX400 
MAX403 
(2-10MHz) 
* MAX407 « lpA. dual) * MAXtU 
(dual MAX4l0) * MAX_ 
(BOMHz) 
* MAX409 « lpA) 
* MAXtlO (<2.4nV /~) 
MAX408 (lOOMHz) 


MAX420 
* MAXtl' 
(quad MAX410) * MAXtl0 
(28MHz) 


MAX~l 
* MAX427 
* MAX'U 
(dual MAX4l0) 


MAXW 
* MAXt37 
* MAXtU 
(quad MAX4l0) 


MAXU3 
OPf11 
MAX428 (dual, lOOMHz) 


MAX430 
OP27 
* MAX438 
(6MHz, IQ = 75flA) 
MAXt32 
OP37 
* MAX439 
ICL~1X 
LTlOOl 
(25MHz, IQ = 375flA) 


ICL~2X 
LTlO28 
MAX"" 
(quad, lOOMHz) 


ICL7li3X 
MAX'52 
(SOMHz) 


lCL~ 
MAX'57 
(dual 70MHz) 


ICL7650 
BB35S1 (l700MHz GBW) 


ICL7652 
OP37 
(63MHz) 


LTl028 
(75MHz) 


MAX405 
(high ace. buffer) 
* MAX440 
(l60MHz 8-ch mux/amp) 
* MAXt41 
(l60MHz 4-ch mux/amp) 
* MAX~ 
(l60MHz 2-<11mux/amp) 


MAX'53 
(SOMHz mux/amp) 


MAX'SI 
(SOMHz mux/amp) 


MAX'55 
(SOMHz mux/ amp) 


MAX456 
(video crosspoint 
switch) 


MAX460 (buffer) 


BB3553 
(buffer) 


IH0033 
(buffer) 


IHOO63 
(buffer) 


IHOlOl 
(power amp) 


PGAlOO 


MAX402 


MAX403 


MAX406 (lflA) 
* MAX409 (lflA) 


MAXW 


MAXU3 


MAXt32 
* MAX438 
(6MHz, IQ = 75flA) 
* MAX439 
(25MHz, IQ = 375flA) 


MAX480 


OP90 


ICL~1X 


ICL~2X 


lCL7li3X 


lCL~ 


~III~JXI~III 
1.2J..tAMax, Single/Dual, 
Single-Supply 
Op Amps 


_______ 
General Description 


The MAX406/MAX407 
are low-voltage, 
micropower, 
pre- 


cision 
op amps 
designed 
for battery-operated 
systems. 
They feature a 1~ 
per amplifier 
quiescent 
current that is 
relatively 
constant 
over the entire 
supply 
range. 
This 
represents 
a significant 
improvement. 
in supply 
current 


over industry-standard 
micropower 
op amps. 
A unique 
design technique 
allows the devices to operate at ultra-low 
quiescent 
current while maintaining 
linearity under loaded 


conditions. 
The output is capable 
of sourcing 
2mA when 
powered 
by a 9V battery and drives smaller loads from a 
3V battery. 


The MAX406/MAX407 
common-mode 
input voltage range 


extends 
from 
the 
negative 
rail to 
within 
1.1V 
(1.2V 


MAX407) 
of the positive 
supply, 
and 
the output 
stage 


swings 
rail-to-rail. 
The MAX406/MAX407 
maintain 
good 
DC characteristics, 
minimizing 
the input referred errors. 


The MAX406 is a single op amp with two modes of opera- 
tion: 
compensated 
mode 
and 
decompensated 
mode. 
Connecting 
BW (pin 
8) to V-, or left floating, 
internally 
compensates 
the amplifier. 
In this mode, the MAX406 is 
unity-gain stable with a 5V/ms typical slew rate and an 8kHz 
gain bandwidth. 
Connecting 
BW to V+ puts the MAX406 


into decompensated 
mode with a 20V/ms typical slew rate 
and a 40kHz gain bandwidth 
(AVCL ~ 2VN) 
The MAX407 


is a dual, unity-gain 
stable op amp available 
in 8-pin DIP 


and SO packages. 


Battery-Powered 
Systems 


Medical 
Instruments 


Electrometer 
Amplifiers 


Intrinsically 
Safe Systems 


Photodiode 
Pre-Amp 


pH Meters 


___________ 
Features 


• 
1.21lA Max Quiescent 
Current 
per Amplifier 


• 
+2.5V to +1 OV Supply 
Range 


• 
0.5mV Max Offset Voltage 
(MAX406A) 


• 
< 0.1 pA Typical Input Bias Current 


• 
Output Swings 
Rail-to-Rail 


• 
Input Voltage 
Range Includes 
Negative 
Rail 


• 
Output Sources 
2mA 


• 
MAX407 
Dual Available 
in 8-Pin DIP/SO 
______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX406ACPA 
O'C to +70'C 
8 Plastic DIP 


MAX406BCPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX406ACSA 
o'C to +70'C 
850 


MAX406BCSA 
O'C to +70'C 
850 


MAX406BC/D 
O'C to +70'C 
Dice' 


MAX406AEPA 
-40'C 
to +8S'C 
8 Plastic DIP 


MAX406BEPA 
-40'C 
to +8S'C 
8 Plastic DIP 


MAX406AESA 
-40'C 
to +8S'C 
850 


MAX406BESA 
-40'C 
to +8S'C 
850 


MAX406AMJA 
-SS'C to + 12S'C 
8 CERDIP" 


MAX406BMJA 
-SS'C to + 12S'C 
8 CERDIP" 


MAX407CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX407CSA 
O'C to +70'C 
850 


MAX407C/D 
O'C to +70'C 
Dice' 


MAX407EPA 
-40'C 
to +8S'C 
8 Plastic 
DIP 


MAX407ESA 
-40'C 
to +8S'C 
850 


MAX407MJA 
-SS'C to + 12S'C 
8 CERDIP" 


• Dice are specified 
at +2S'C, 
DC parameters 
only. 


•• Contact 
factory for availability 
and processing 
to MIL-STD-883. 


_______ 
Pin Configurations 


aUTA 
1 


INA- 


INA+ 


DIP/SO 


/vl/J X I/VI 
Maxim Integrated Products 
3-5 


Call toll free 1-800.998-8800 for free samples or literature. 


-,.~A 
max, :J.ng.e/uua., :J.ng.e-:tupp.y 
Up Amps 


ABSOLUTE 
MAXIMUM 
RATINGS (Note 1) 


Total Supply 
Voltage 
(V+ to V-) 
12V 
Input Voltage 
. (V+ + 0.3V) to (V- - 0.3V) 
Continuous 
Current 
Pins 2, 3 (MAX406); 
Pins 2, 3, 5, 6 (MAX407) 
Pins 1, 5, 6, 8 (MAX406); 
Pins 1, 7 (MAX407) 
50mA 
Short-Circuit 
Duration. 
. 
Indefinite 
Continuous 
Power Dissipation 
(TA = +70·C) 
Plastic DIP (derate 6.90mWrC 
above 
+70·C) 
. 
. .. 552mW 
SO(derate 
5.88mWrC 
above 
+ 70·C) 
.471 mW 
CERDIP(derate 
800mWrC 
above 
+70·C) 
640mW 


Operating 
Temperature 
Ranges: 


MAX40_C_. 
. 
O·C to +70·C 


MAX40_E_ 
. . . . . . . . . . . . . . . 
-40·C to +85·C 
MAX40_M_ 
-55·C to + 125·C 
Storage 
Temperature 
Range. 
. 
-65·C to + 165·C 


Lead Temperature 
(soldering, 
10 see) 
.. +300·C 


Stresses 
beyond 
those 
listed 
under 
-Absolute 
Maximum 
Ratings· 
may 
cause 
permanent 
damage 
to the device. 
These 
are stress 
ratings 
only, and 
functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 2.5V, v- = -2.5V, TA = +25·C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX406A 
0.25 
0.5 


Input Offset Voltage 
Vos 
MAX406B 
0.75 
2.0 
mV 


MAX407 
1.0 
3.0 


Input Bias Current 
Is 
VCM = OV (Note 2) 
<01 
100 
pA 


RL = lMn, 
MAX406A 
200 
1000 
Large-Sianal 
AVOL 
Your 
= ±2V 
MAX406B, 
MAX407 
100 
1000 
V/mV 
Voltage 
ain 


RL = lMn, 
Your 
= ±4V, V+ = 5V, V- = -5V 
10 
23 


MAX406NB 
Compensated 
mode 
4 
8 


Gain Bandwidth 
GBW 
Decompensated 
mode 
20 
40 
kHz 


MAX407 
4 
8 


Input Common-Mode 
CMR 
MAX406NB 
V- 
V + -1.1 
Range 
V 


MAX407 
V- 
V + -1.2 


Output 
Voltage 
Swing 
Vo 
RL = lMn 
±247 
±2.49 
V 


MAX406A 
70 
80 
Common-Mode 
CMRR 
(Note 3) 
dB 
Rejection 
Ratio 
MAX406B 
54 
65 


MAX407 
60 
65 


MAX406A 
50 
100 
Power-Supply 
PSRR 
VIN = OV, 
MAX406B 
150 
300 
IlVN 
Rejection 
Ratio 
V+ = 2.5V to 7.5V 


MAX407 
200 
600 


MAX406NB 
Compensated 
mode 
3 
5 


Slew Rate 
SR 
Decompensated 
mode 
12 
20 
V/ms 


MAX407 
3 
5 


Supply 
Current 
ISY 
MAX406AIB 
10 
1.2 
IlA 


MAX407 
(All amplifiers) 
20 
2.4 


1.2IJ,AMax, Single/Dual, 
Single-Supply 
Op Amps 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 2.5V, v- = -2.5V, TA = +25'C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Sink 
IOSINK 
VOUT = OV 
100 
200 
J.lA 
Current 


Output 
Source 
IOSOURCE 
VOUT = OV 
300 
600 
J.lA 
Current 


Supply 
Voltage 
Vs 
25 
10.0 
V 
(V+ toV-) 


Input Noise 
fa = 1kHz 
150 
nV/-.JHz 


Voltage 
en 


fa = O.lHz 
to 10Hz 
6 
J.lVp-p 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 2.5V, v- = -2.5V, TA = O'C to +70'C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX406A 
0.95 


Input Offset 
VOS 
(Note 4) 
MAX406B 
3.00 
mV 
Voltage 


MAX407 
4.00 


Offset-Voltage 
TCvos 
MAX406A 
2 
10 
J.lVrC 
Tempco 


Input Bias Current 
Is 
VCM = OV 
20 
pA 


MAX406A 
100 


Large-Sianal 
RL= 
lMn, 


MAX406B 
50 
AVOL 
VOUT = ±2V 
V/mV 
Voltage 
ain 
MAX407 
50 


RL = lMn, 
VOUT = ±4V, V+ = 5V, V- = -5V 
10 


Output 
Voltage 
Vo 
RL = lMn 
±245 
V 
Swing 


MAX406A 
66 


Common-Mode 
CMRR 
(Note 3) 
dB 
Rejection 
Ratio 
MAX406B 
50 


MAX407 
60 


MAX406A 
150 
Power-Supply 
PSRR 
VIN = OV,V- = OV, 


MAX406B 
450 
J.lVN 
Rejection 
Ratio 
V+ = 2.5V to 7.5V 


MAX407 
800 


Supply 
Current 
ISY 


MAX406A/B 
16 
J.lA 


MAX407 
(All amplifiers) 
3.2 


Output 
Sink 
IOSINK 
VOUT = OV 
50 
J.lA 
Current 


Output 
Source 
IOSOURCE 
VOUT = OV 
250 
J.lA 
Current 


1.2J.tAMax, Single/Dual, 
Single-Supply 
Op Amps 


" 
ELECTRICAL 
CHARACTERISTICS 
a 
(V+ = 2.5V. v- = -2.5V, TA = -40"C to +S5"C, unless otherwise 
noted.) 


~; 


~a 


~i 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX406A 
1.10 
Input Offset 
VOS 
(Note 4) 
MAX406B 
300 
mV 
Voltage 


MAX407 
4.00 


Offset-Voltage 
TCyOS 
MAX406A 
10 
flVrC 
Tempco 


Input Bias Current 
Is 
VCM = OV 
50 
pA 


RL = 1MQ, 
MAX406A 
50 
Large-S~nal 
AYOL 
VOUT = ±2V 
MAX406B, 
MAX407 
25 
V/mV 
Voltage 
ain 


RL = 1MQ, VOUT = ±4V, V+ = 5V, V- = -5V 
10 


Output 
Voltage 
Vo 
RL = 1MQ 
±2.45 
V 
Swing 


MAX406A 
66 
Common-Mode 
CMRR 
(Note 3) 
dB 
Rejection 
Ratio 
MAX406B 
50 


MAX407 
60 


MAX406A 
150 


Power-Supply 
PSRR 
VIN = OV, 


MAX406B 
450 
flVN 
Rejection 
Ratio 
V+ = 2.5V to 7.5V 


MAX407 
SOO 


Supply 
Current 
ISY 
MAX406NB 
1.7 


flA 
MAX407 
(All amplifiers) 
3.4 


Output 
Sink 
IOSINK 
VOUT = OV 
40 
flA 
Current 


Output 
Source 
IOSOURCE 
VOUT = OV 
250 
flA 
Current 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 2.5V, v- = -2.5V, TA = -55"C to + 125"C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX406A 
1.5 
Input Offset 
VOS 
(Note 4) 
MAX406B 
40 
mV 
Voltage 


MAX407 
5.0 


Offset-Voltage 
TCyOS 
MAX406A 
10 
flVrC 
Tempco 


Input Bias Current 
Is 
VCM = OV 
1.0 
nA 


MAX406A 
20 


Large-Sianal 
RL = 1MQ, 


MAX406B 
AYOL 
VOUT = ±2V 
10 
V/mV 
Voltage 
ain 
MAX407 
10 


RL = 1MQ, VOUT = ±4V, V+ = 5V, V- = -5V 
10 


Output 
Voltage 
Vo 
RL = 1MQ 
±2.45 
V 
Swing 


1.2J.tAMax, Single/Dual, 
Single-Supply 
Op Amps 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 2.SV, v- = -2.SV, TA = -SS"C to + 12S"C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX406A 
66 


Common-Mode 
CMRR 
(Note 3) 
MAX406B 
SO 
dB 
Rejection 
Ratio 


MAX407 
60 


MAX406A 
lS0 
Power-Supply 
PSRR 
VIN = OV, 
MAX406B 
4S0 
IlVN 
Rejection 
Ratio 
V+ = 2.SV to 7.SV 


MAX407 
800 


Supply 
Current 
ISY 


MAX406A/B 
2.0 
IlA 
MAX407 
(All amplifiers) 
4.0 


Output 
Sink 
IOSINK 
VOUT = OV 
20 
IlA 
Current 


Output 
Source 
IOSOURCE 
VOUT = OV 
200 
IlA 
Current 


Note 2: Production-automated 
test equipment 
cannot 
resolve 
input bias currents 
below 
lpA 
Lab equipment 
has shown 
the MAX406 
and MAX407 
typical 
input bias currents 
below 0.1 pA 
Note 3: MAX406: 
VCM =V-to(V+ 
-1.1V). 
MAX407: 
VCM = V- to(V+ 
-1.2V). 


Note 4: MAX406A: 
Calculated 
from guaranteed 
drift specification 
and maximum 
offset voltage 
at room temperature. 
The 101lV/"C 
drift limit is 100% tested. 
MAX406B: 
Guaranteed 
100% tested 
limit. 


_________________ 
Typical Operating Characteristics 
~ 


SUPPLY CURRENT PER AMPLIFIER 
vs. SUPPLY VOLTAGE IN OVERDRIVE 


100 
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1.2J..tAMax, Single/Dual, 
Single-Supply 
Op Amps 
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OPEN-LOOP GAIN AND PHASE 
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MAXIMUM 
OUTPUT SOURCE CURRENT 
vs. SUPPLY VOLTAGE 


1 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


SUPPLY VOLTAGE (V) 


LARGE·SIGNAL TRANSIENT RESPONSE 
(COMPENSATEO MOOE) 


SMALL-SIGNAL TRANSIENT RESPONSE 
(COMPENSATED MODE) 


1 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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1.~A 
Max, Single/Dual, 
Single-Supply 
Op Amps 


MAX406 
MAX407 
NAME 
FUNCTION 
PIN 
PIN 


1 
NULL 
Nulling. 
Connect 
to one end of WOkO potentiometer 
for voltage-offset 
trimming 
(see Figure 1). 


1 
OUTA 
Amplifier 
A Output 


2 
IN- 
Inverting 
Input 


2 
INA- 
Inverting 
Input to Amplifier 
A 


3 
IN+ 
Noninverting 
Input 


3 
INA+ 
Noninverting 
Input to Amplifier 
A 


4 
4 
V- 
Negative 
Power-Supply 
Pin. Connect 
to (-) terminal 
of power 
supply 
or ground. 


5 
NULL 
Nulling. 
Connect 
to other end of 100kO potentiometer 
for voltage-offset 
trimming 
(connect 


wiper 
to V+). 
See Figure 
1. 


5 
INB+ 
Noninverting 
Input to Amplifier 
B 


6 
OUT 
Output 


6 
INB- 
Inverting 
Input to Amplifier 
B 


7 
OUTB 
Amplifier 
B Output 


7 
8 
V+ 
Positive 
Supply 
Pin. 
Connect 
to (+) terminal 
of power supply. 


8 
BW 
Bandwidth 
Selection 
Pin. 
Leave floating; 
connect 
to V- for unity-gain 
stability 
(compensated 


mode), 
connect 
to V+ for higher 
speed 
(decompensated 
mode). 


_____ 
.Application Information 


Trimming Voltage Offset 


The MAX406's 
typical 
input 
offset 
voltage 
is between 


O.25mV and 
O.75mV, depending 
on the grade. 
If the 
application 
requires 
additional 
offset 
adjustment, 
con- 


nect a 100kQ trim pot between 
pins 1, 5, and 7 for the 
MAX406 
(Figure 
1). 
The 
MAX40Ts 
offsets 
are 
not 
adjustable. 


'nput Overdrive vs. Supp'Y Current 


The MAX406/MAX407 
supply 
current 
remains 
relatively 


constant 
over the supply 
range, 
providing 
the amplifier 


output 
is not overdriven 
to the negative 
supply 
rail. 
For 
example, 
when connecting 
the amplifier 
as a comparator 
and applying 
a -100mV 
input overdrive, 
supply 
current 
rises 
above 
1l!A per amplifier 
and 
varies 
with 
supply 


voltage 
(see Supply 
Current 
vs. Supply 
Voltage in Over- 


drive, Typical Operating 
Characteristics). 


Tota. SUPP'y-Voltage 
Considerations 


Although 
the MAX406/MAX407 
operate 
with supply 
volt- 
ages 
between 
2.5V 
and 
10V, 
best 
performance 
is 


achieved 
with supply 
voltages 
below 
7V. 
The 
Open- 


Loop Gain vs. Supply 
Voltage graph 
in the TypicalOper- 


ating Characteristics 
section 
shows how open-loop 
gain 
is reduced 
at voltages 
that exceed 
7V. 


Stabi.ity 


Unlike 
other 
industry-standard 
micropower 
CMOS 
op 
amps, the MAX406/MAX407 
maintain 
stability while driv- 
ing heavy capacitive 
loads as demonstrated 
in the graph 


of Percent 
Overshoot 
vs. Capacitive 
Load, in the Typical 


Operating 
Characterstics 
section. 


Bandwidth 


The 
MAX407 
is internally 
compensated 
for unity-gain 
stable 
operation, 
with an 8kHz typical 
gain bandwidth. 


The MAX406 operates 
in one of two modes. 
Floating the 


1.2J.tAMax, Single/Dual, Single-Supply Op Amps 
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: 
I 
PURPOSE 
I 
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BW pin, or connecting 
it to V-, internally compensates 
the 


amplifier 
for unity-gain 
stable operation. 
Connecting 
the 
BW pin to V+ reduces 
the compensation 
and allows the 
amplifier 
to be used at higher 
speeds. 
When operating 


in high-speed 
mode, 
the MAX406 
is stable 
for closed- 


loop gains ~ 2VN, with a 40kHz typical 
gain bandwidth 


and a 20V/ms 
typical 
slew rate. 
Typical Application Circuits 


Buffered pH Probe Allows Low-Cost Cable 


The MAX406 
has less than 20pA 
input leakage 
current 
over commercial 
temperature, 
and is typically 
less than 


100fA 
at +25"C. 
These 
characteristics 
are 
ideal 
for 
buffering 
pH probes 
and a variety 
of other high output- 


impedance 
chemical 
sensors. 
The circuit 
in Figure 
2 
eliminates 
expensive 
low-leakage 
cables 
that often con- 


nect 
pH 
probes 
to meters. 
A MAX406 
and 
a lithium 
battery 
are included 
in the probe 
housing. 
A conven- 


tional 
low-cost 
coaxial 
cable 
carries 
the 
buffered 
pH 


signal to the MAX131 AID converter. 
In most cases, the 
probe 
assembly's 
battery 
life exceeds 
the functional 
life, 


of the probe 
itself. 


Mircopower, 
4-Channel 
Simultaneous 
Sample-and-Hold 


Switch 
leakage 
and buffer 
input bias current 
in sample 
and hold circuits 
limit performance 
by discharging 
the 
signal 
voltage 
on the hold 
capacitor, 
an effect 
called 


"droop." 
The 2pA typical 
room temperature 
leakage cur- 


rent for the MAX327 and 100fA typical 
input bias current 
for the 
MAX407 
translates 
to a typical 
droop 
rate 
of 
50IlV!S for the circuit 
in Figure 3. 
Another 
advantage 
is 
~ 
low power 
consumption. 
The MAX327 
guarantees 
no 
~ 


more than 250llA 
supply 
current with ±15V supplies, 
but 


most of this is drawn 
by internal 
logic-level 
translators. 


By using 
rail-to-rail 
logic 
(CD4000, 
74COO, or 74HCOO 


families) 
to drive IN 1-IN3, the level translators 
are turned 
off and the supply 
current falls well below 
11lA when the 
switches 
are off. This technique 
turns any Maxim switch 
or multiplexer 
into an ultra-low 
power device. 
The circuit 
in Figure 3 typically 
draws 6/lA with OV to 8V logic input 
levels. 


Remotely 
Powered Sensor Amp 


Figure 
4 shows 
a simple 
2-wire 
current 
transmitter 
that 


uses no power 
at the transmitting 
end except 
from the 
transmitted 
signal 
itself. 
At the transmitter, 
a OV to 1V 


input drives 
both a MAX406 
and an NPN transistor 
con- 


nected 
as a voltage-controlled 
current 
sink. 
The OmA to 
2mA output 
is sent through 
a twisted 
pair to the receiver 
and develops 
a voltage across the receiver sense resistor 


R2. 
The resulting 
sense voltage 
is buffered 
by another 


MAX406, producing 
a OVto 1V ground-referenced 
output 
signal. 
R1 and 
R2 should 
be 
well 
matched. 
The 


MAX406's 
supply 
current 
is added 
to the OmA to 2mA 
signal, 
resulting 
in a 500/lV 
offset 
at the output. 
This 
offset, in addition 
to the MAX406's 
input offset, varies with 
temperature. 


1.~A 
Max, Single/Dual, Single-Supply Op Amps 
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1.2J.tAMax, Single/Dual, 
Single-Supply 
Op Amps 
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ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 


6192 
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Single/Quad, 2811Hz, Low-Noise, 
Low-Voltage, Precision Op Amps 


_______ 
General Description 


The MAX410/MAX414 
single/quad 
op amps 
set a new 
standard 
for noise performance 
in high-speed, 
low-volt- 


age systems. 
Input voltage-noise 
density is 100% tested 
and is guaranteed 
to be less than 2.4nV/-vHZ at 1kHz. 
A 


unique 
design 
not only 
combines 
low noise with 
+5V 


operation, 
but also consumes 
less than 2.5mA 
supply 
current 
per amplifier. 
Low-voltage 
operation 
is guaran- 
teed with an output voltage swing of +3.6V into 2kQ. 
The 
MAX41 0/MAX414 
also operate 
from supply 
voltages 
be- 


tween +2.4V and +5V for greater 
supply 
flexibility. 


Unity-gain 
stability, 
28M Hz bandwidth, 
and 4.5V/llS slew 
rate ensure 
low-noise 
performance 
in a wide variety 
of 


wideband 
and 
measurement 
applications. 
The 
MAX41 0/MAX414 
are available 
in DIP and SO packages 
in the industry-standard 
single/quad 
op-amp 
pin config- 


urations. 


Low-Noise 
Frequency 
Synthesizers 


Infrared 
Detectors 


High-Quality 
Audio Amplifiers 


Ultra Low-Noise 
Instrumentation 
Amplifiers 


Bridge-Signal 
Conditioning 
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• 
100% Tested 
Voltage 
Noise: 


2.4nV/~Max 
at 1kHz 


• 
2.5mA Supply Current 
Per Amplifier 


• 
Low Supply Voltage 
Operation: 
±2.4V to ±5V 


• 
28 MHz Unity-Gain 
Bandwidth 


• 
4.5V/llS Slew Rate 


• 
25011V Max Offset Voltage 
(MAX410) 


• 
115dB Min Voltage 
Gain 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX410CPA 
O'C 
to 
+70'C 
8 Plastic 
DIP 


MAX410C8A 
O'C 
to 
+70'C 
880 


MAX410C/D 
O'C 
to 
+70'C 
Dice" 


MAX410EPA 
-40'C 
to 
+85'C 
8 Plastic 
DIP 


MAX410E8A 
-40'C 
to 
+85'C 
880 


MAX410MJA 
-55'C 
to 
+125'C 
8CERDIP 


MAX414CPD 
O'C 
to 
+70'C 
14 Plastic 
DIP 


MAX414C8D 
O'C 
to 
+70'C 
1480 


MAX414EPD 
-40'C 
to 
+85'C 
14 Plastic 
DIP 


MAX414E8D 
-40'C 
to 
+85"C 
1480 


MAX414MJD 
-55'C 
to 
+125'C 
14 CERDIP 


Single/Quad, 
28MHz, Low-Noise, 


Low-Voltage, 
Precision Op Amps 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(V+ to V-) 
. 


Differential 
Input Current 
(Note 1) 
Differential 
Input Voltage 
. 


Common-Mode 
Input Voltage 
. 
Short-Circuit 
Current 
Duration 
Continuous 
Power Dissipation 
(TA = + 70·C) 


MAX410 
8-Pin Plastic DIP (derate 9.09mWrC 
above +70·C) 
. 


8-Pin SO (derate S.88mWrC 
above 
+70·C) 
. 


8-Pin CERDIP (derate 
8.oomWrC 
above 
+70·C) 
. 


12V 


.. .. .. ±20mA 


...... 
V+toV- 
(V+ + 0.3V) to (V- - 0.3V) 
Indefinite 


MAX414 
14-Pin Plastic DIP (derate 10.00mWrC 
above +70·C) 
. 800mW 


14-Pin SO (derate 
8.oomWrC 
above 
+70·C) 
640mW 


14-Pin CERDIP (derate 9.09mWrC 
above 
+70·C) 
727mW 


Operating 
Temperature 
Ranges: 


MAX41_C 
__ 
. 


MAX41_E 
__ 
.. 


MAX41_MJ_ 
. 
Storage 
Temperature 
Range 


Lead Temperature 
(soldering, 
10 sec) . 


727mW 
471mW 
640mW 


O·C to +70·C 
-40·C to +8S·C 


.. .. 
.... 
-SS·C to + 12S·C 
... 
-6S·C to +150·C 
. . . . . . .. 
+3oo·C 


Note 
1: The amplifier 
inputs are connected 
by internal 
back-to-back 
clamp 
diodes. 
In order to minimize 
noise in the input stage, cur- 
rent-limiting 
resistors 
are not used. 
If differential 
input voltages 
exceeding 
±1.0V are applied, 
limit input current 
to 20mA. 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = SV, v- = -sv, TA = +25·C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX41 0 
±120 
±250 


Input Offset Voltage 
VOS 
MAX414 
±150 
±320 
l!V 


Input Bias Current 
IB 
±80 
±150 
nA 


Input Offset Current 
10S 
±40 
±80 
nA 


Differential 
Input Resistance 
RIN(Diff) 
20 
kn 


Common-Mode 
Input Resistance 
RIN(CM) 
150 
MO 


Input Capacitance 
CIN 
4 
pF 


fa = 10Hz 
7 
nVrJHZ 
Input Noise-Voltage 
Density 
en 
fa = 1000Hz (100% tested) 
1.8 
2.4 


Input Noise-Current 
Density 
fa = 10Hz 
2.6 
pN;'Hz 
in 
fa = 1000Hz 
1.2 


Common-Mode 
Input Voltage 
VCM 
+3.5 
+3.7 


V 


-35 
-3.8 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.5V 
115 
130 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±2.4V to ±5.25V 
96 
103 
dB 


Large-Signal 
Gain 
RL = 2kO, Vo = 3.6V to -3.7V 
115 
122 


AVOL 
RL = 6000, 
Vo = ±3.5V 


dB 


110 
120 


Output 
Voltage 
Swing 
VOUT 
RL = 2kO 
+3.6 
+3.7 
V 


-3.7 
-3.8 


Short-Circuit 
Output Current 
ISC 
35 
mA 


Slew Rate 
SR 
1Okn/20pF 
load 
45 
V/l!S 


Unity-Gain 
Bandwidth 
GBW 
1Okn/20pF 
load 
28 
MHz 


Settling 
Time 
ts 
ToO.1% 
1.3 
l!S 


Channel 
Separation 
CS 
fa = 1kHz 
135 
dB 


Operating 
Supply 
Voltage 
Range 
Vs 
±2.4 
±5.25 
V 


Supply 
Current 
per Amplifier 
Is 
2.5 
2.7 
mA 


Single/Quad, 28MHz, Low-Noise, 
Low-Voltage, 
Precision Op Amps 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = o·C to +70·C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX410 
±150 
±350 
Input Offset Voltage 
Vos 
MAX414 
±190 
±450 
lIV 


Offset-Voltage 
Tempco 
tNOS!I1T 
Over operating 
temperature 
range 
±1 
lIvrc 


Input Bias Current 
18 
±100 
±200 
nA 


Input Offset Current 
10S 
±80 
±150 
nA 


+3.5 
+3.7 


Common-Mode 
Input Voltage 
VCM 
V 


-3.5 
-3.8 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.5V 
105 
121 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±2.4V to ±5.25V 
90 
97 
dB 


RL = 2kO, Vo = ±3.6V 
110 
120 
Large-Signal 
Gain 
AVOL 
RL = 6000, 
Vo = ±3.5V 


dB 
90 
119 


Output 
Voltage 
Swing 
VOUT 
RL = 2kO 
±3.6 
±3.7 
V 


Supply 
Current 
per Amplifier 
IS 
3.2 
mA 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = -40·C to +85·C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 


MAX410 
±200 
±400 


Vos 
MAX414 
±260 
±520 
lIV 


Offset-Voltage 
Tempco 
I1VOS!I1T 
Over operating 
temperature 
range 
±1 
lIvrc 


Input Bias Current 
18 
±130 
±350 
nA 


Input Offset Current 
los 
±100 
±200 
nA 


Common-Mode 
Input Voltage 
VCM 
+3.5 
+3.7 
V 
-3.5 
-3.6 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.5V 
105 
120 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±2.4V to ±5.25V 
90 
94 
dB 


Large-Signal 
Gain 


RL = 2kn, 
Vo = 3.6V to -3.5V 
110 
118 


AVOL 
RL = 6000, 
Vo = ±3.5V 
90 
dB 


114 


Output 
Voltage 
Swing 
VOUT 
RL = 2kO 
+3.6 
+3.7 
V 
-3.5 
-3.6 


Supply 
Current 
per Amplifier 
IS 
32 
mA 


Single/Quad, 
28MHz, Low-Noise, 


Low-Voltage, 
Precision OpAmps 


~ 
ELECTRICAL 
CHARACTERISTICS 


•••• 
(V+ = SV, v- = -SV, TA = -ss·c to +12S·C, 
unless otherwise 
noted.) 


~i 
a 
•••• 


~i 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX410 
±200 
±400 
IJ.V 
Input Offset Voltage 
Vas 
MAX414 
±260 
±S20 


Offset-Voltage 
Tempco 
!>Vos/!>T 
Over operating 
temperature 
range 
±1 
IJ.vrc 


Input Bias Current 
IB 
±130 
±3S0 
nA 


Input Offset Current 
los 
±100 
±200 
nA 


+3.S 
+3.7 
Common-Mode 
Input Voltage 
VCM 
V 


-3.S 
-3.6 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.SV 
10S 
120 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±2.4V 
to ±S.25V 
90 
94 
dB 


Large-Signal 
Gain 


RL = 2kQ, Vo = 3.6V to -3.SV 
110 
118 
dB 
AVOL 
RL = 6000, 
Vo = ±3.SV 
90 
114 


+3.6 
+3.7 
Output 
Voltage 
Swing 
VOUT 
RL = 2kO 
V 


-3.S 
-3.6 


Supply 
Current 
per Amplifier 
IS 
3.S 
mA 


~I'I~JXI~I'I 


Dual, Low-Noise 
Low-Voltage 


Precision 
Op Amp 


_______ 
General Description 


The 
MAX412 
dual 
operational 
amplifier 
sets 
a new 


standard 
for noise performance 
in low-voltage 
systems. 


Input 
voltage 
noise 
density 
is 
100% 
tested 
and 
is 


guaranteed 
to be less than 2.4nV/.jRZ 
at 1kHz. A unique 


design not only combines 
low noise with ±5V operation, 
but also consumes 
less than 2.5mA supply 
current 
per 


amplifier. 
Low 
voltage 
operation 
is assured 
with 
a 


guaranteed 
output 
voltage 
swing of ±3.6V 
into 2kO. The 


MAX412 
also 
operates 
from 
supply 
voltages 
between 


±2.4V 
and ±5V for greater 
supply 
flexibility. 


Unity-gain 
stability, 
28MHz bandwidth, 
and 4.5V/lls slew 


rate 
ensure 
low 
noise 
performance 
in 
a variety 
of 


wideband 
and measurement 
applications. 
The MAX412 


is available 
in 
8-pin 
DIP 
and 
SO 
packages 
in 
the 


industry-standard 
dual op amp pin configuration. 


__________ 
Applications 


Low Noise-Frequency 
Synthesizers 


Infrared 
Detectors 


High-Quality 
Audio 
Amplifiers 


Accelerometer 
and Gyro Amplifiers 


Magnetic 
Search 
Coil Amplifiers 


Ultra-Low 
Noise 
Instrumentation 
Amplifiers 


Bridge 
Signal 
Conditioning 


• 
100% Tested Voltage 
Noise: 
2.4nVly'Hi 
Max at 1kHz 


• 
2.5mA Supply 
Current 
Per Amplifier 


• 
Low Supply 
Voltage 
Operation: 


±2.4Vto 
±5V 


• 
28MHz Unity-Gain 
Bandwidth 


• 
4.5V1lls Slew Rate 


• 
250llV 
Max Offset 
Voltage 


• 
115dB Min Voltage 
Gain 


• 
2 Amplifiers 
in One 8-Pin DIP/SO 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX412CPA 
O°C to +70°C 
8 Plastic 
DIP 


MAX412CSA 
O°C to +70°C 
8S0 


MAX412C/D 
O°C to +70°C 
Dice' 


MAX412EPA 
-40°C 
to +85°C 
8 Plastic 
DIP 


MAX412ESA 
-40°C 
to +85°C 
8S0 


MAX412MJA 
-55°C 
to +125°C 
8 CERDIP 


Dual, Low-Noise, 
Low-Voltage 
Precision 
Op Amp 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(V+ to V-) 
.••••••••••••••.•.••.• 
12V 
Differential 
Input 
Current 
(Note 
1) ••••••••••••.• 
±20mA 
Differential 
Input 
Voltage 
•••••.•.••.••.•.••• 
V+ to V- 
Common-Mode 
Input 
Voltage 
•• • .• 
(V+ +0.3V) to (V- -o.3V) 
Short-Circuit 
Current 
Duration 
•••••••••••.•• 
Indefinite 
Continuous 
Power 
Dissipation 
(TA = +70°C) 
8-pin 
Plastic 
DIP (derate 
6.9mW/oC 
above +70°C) 
.. 
552mW 
8-pin 
SO (derate 
5.88mW/oC 
above +70°C) 
•.•.. 
471mW 
8-pin 
CERDIP 
(derate 
8.0mWfOC 
above +70°C) 
.•• 
640mW 


Operating 
Temperature 
Ranges: 


MAX412C_A 
• • • • • • . • . . . . • . . • • . . • • .• 
O°C to +70°C 


MAX412E_A 
.••.••.•..••••.••..••. 
-40°C 
to +85°C 


MAX412MJA 
.•..•..•.•..••.••..• 
-55°C 
to +125°C 


Storage 
Temperature 
••••.•.••.••••.• 
-65°C 
to +150°C 


Lead Temperature 
(soldering, 
10 see) 
•••••.••••• 
+300°C 


Note 1: The amplifier 
inputs 
are connected 
by internal 
back-to-back 
clamp 
diodes. 
In order 
to minimize 
noise 
in the input 
stage, 


current-limiting 
resistors 
are not used. 
If differential 
input 
voltages 
exceeding 
±1.0V 
are applied, 
input 
current 
should 
be 


limited 
to 20mA. 


Stresses beyond those under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specification is not implied. Exposure to 
absofute maximum rating conditions for extended periods may affect the device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = +25° C, unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Offset 
Voltage 
Vos 
±120 
±250 
JiV 


Input 
Bias Current 
IB 
±80 
±150 
nA 


Input 
Offset 
Current 
los 
±40 
±80 
nA 


Differential 
Input 
Resistance 
RIN(Diff) 
20 
kO 


Common-Mode 
Input 
Resistance 
RIN(CM) 
40 
MO 


Input 
Capacitance 
CIN 
4 
pF 


fa = 10Hz 
7 


nV/.jHZ 
Input 
Noise-Voltage 
Density 
en 
fa = 1000Hz (100% tested) 
1.8 
2.4 


fa = 10Hz 
2.6 


pA/.jHZ 
Input 
Noise-Current 
Density 
in 
fa = 1000Hz 
1.2 


Common-Mode 
Input 
Voltage 
VCM 
+3.5 
+3.7 
V 
-3.5 
-3.8 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.5V 
115 
130 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±2.4V 
to ±5.25V 
96 
103 
dB 


RL = 2kO, Vo = 3.6V to -3.7V 
115 
122 
Large-Signal 
Gain 
AVOL 
dB 


RL = 6000, 
Vo = ±3.5V 
110 
120 


Output 
Voltage 
Swing 
VOUT 
RL = 2kO 
+3.6 
+3.7 
V 
-3.7 
-3.8 


Short-Circuit 
Output 
Current 
Isc 
35 
mA 


Slew Rate 
SR 
10kO/20pF 
load 
4.5 
V/JiS 


Unity-Gain 
Bandwidth 
GBW 
10k0/20pFIoad 
28 
MHz 


Settling 
Time 
ts 
To 0.1% 
1.3 
JiS 


Channel 
Separation 
CS 
fa = 1kHz 
135 
dB 


Operating-Supply 
Voltage 
Range 
Vs 
±2.4 
±5.25 
V 


Supply 
Current 
Is 
Both 
amplifiers 
5 
5.25 
mA 


Dual, Low-Noise, 
Low-Voltage 


Precision 
Op Amp 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V. v- = -5V, TA = O°C to +70°C, 
unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Offset 
Voltage 
Vos 
±150 
±350 
IlV 


Offset-Voltage 
Tempco 
AVos/AT 
Over operating 
temperature 
range 
±1 
llV/oC 


Input 
Bias Current 
Is 
±100 
±200 
nA 


Input 
Offset 
Current 
los 
±80 
±150 
nA 


Common-Mode 
Input 
Voltage 
VCM 
+3.5 
+3.7 
V 
-3.5 
-3.8 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.5V 
105 
121 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±2.4V 
to ±5.25V 
90 
97 
dB 


RL = 2kO. Vo = ±3.6V 
110 
120 


Large-Signal 
Gain 
AVOL 
dB 


RL = 6000, 
Vo = ±3.5V 
90 
119 


Output 
Voltage 
Swing 
VOUT 
RL = 2kO 
±3.6 
±3.7 
V 


Supply 
Current 
Is 
Both amplifiers 
6.5 
mA 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V. v- = -5V. TA = -40°C 
to +85°C. 
unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Offset 
Voltage 
Vos 
±200 
±400 
IlV 


Offset-Voltage 
Tempco 
AVOS/AT 
Over operating 
temperature 
range 
±1 
llV/oC 


Input 
Bias Current 
Is 
±130 
±350 
nA 


Input 
Offset 
Current 
los 
±100 
±200 
nA 


Common-Mode 
Input 
Voltage 
VCM 
+3.5 
+3.7 
V 
-3.5 
-3.6 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.5V 
105 
120 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±2.4V 
to ±5.25V 
90 
94 
dB 


RL = 2kO, Vo = +3.6V to -3.5V 
110 
118 


Large-Signal 
Gain 
AVOL 
dB 


RL = 6000. 
Vo = ±3.5V 
90 
114 


Output 
Voltage 
Swing 
VOUT 
RL = 2kO 
+3.6 
+3.7 
V 
-3.5 
-3.6 


Supply 
Current 
Is 
Both amplifiers 
6.5 
mA 


Dua" LOw-Noise, Low-Voltage 
Precision Op Amp 


C\I 
ELECTRICAL 
CHARACTERISTICS 


~ 
(V+ = 5V. v- = -5V. TA = -55°C 
to +125°C. 
unless 
otherwise 
noted.) 


~; 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Offset 
Voltage 
Vos 
±200 
±400 
fJV 


Offset-Voltage 
Tempco 
IWos/I:i.T 
Over operating 
temperature 
range 
±1 
fJV/oC 


Input 
Bias Current 
16 
±130 
±350 
nA 


Input 
Offset 
Current 
los 
±100 
±200 
nA 


Common-Mode 
Input 
Voltage 
VCM 
+3.5 
+3.7 
V 
-3.5 
-3.6 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.5V 
105 
120 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±2.4V 
to ±5.25V 
90 
94 
dB 


RL = 2kO. Vo = +3.6V to -3.5V 
110 
118 


Large-Signal 
Gain 
AVOL 
dB 


RL = 6000. 
Vo = ±3.5V 
90 
114 


Output 
Voltage 
Swing 
VOUT 
RL = 2kO 
+3.6 
+3.7 
V 
-3.5 
-3.6 


Supply 
Current 
Is 
Both amplifiers 
7 
mA 


__________________ 
Typical Operating Characteristics 


CURRENT NOISE DENSITY 
1kHz VOLTAGE 


YS. FREQUENCY 
NOISE DISTRUBUTION 


VOLTAGE NOISE DENSITY 
YS. FREQUENCY 
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~ 
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10 
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Cl 
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100 
lk 
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Dual, Low-Noise, 
Low-Voltage 


Precision 
Op Amp 
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Dual, Low-Noise, Low-Voltage 
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OUTPUT VOlTAGE SWING 
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Dual, Low-Noise, 
Low-Voltage 
Precision 
Op Amp 


PIN 
NAME 
FUNCTION 


1 
OUT1 
Amplifier Signal Output 1. 


2 
IN1- 
Inverting Input 1. 


3 
IN1+ 
Non-Inverting Input 1. 


4 
V- 
Negative Power Supply (VEE). 


_____ 
Applications Information 


The MAX412 
is designed 
to provide 
low voltage 
noise 


performance. 
Obtaining 
low voltage 
noise from a bipolar 


op amp 
requires 
high 
collector 
currents 
in the 
input 


stage, 
since 
voltage 
noise 
is inversely 
proportional 
to 


the 
square 
root 
of the 
input 
stage 
collector 
current. 


However, 
op amp current 
noise 
is proportional 
to the 


square 
root 
of the 
input 
stage 
collector 
current, 
and 


input bias current 
is proportional 
to input stage collector 


current. 
Therefore, 
to obtain 
optimum 
low noise 
per- 


formance, 
DC accuracy, 
and AC stability, 
the value of the 


feedback 
and source 
resistance 
used with the MAX412 


should 
be minimized. 


Total Noise Density vs. Source Resistance 


The 
industry 
standard 
expression 
for 
the 
total 
input 


referred 
noise of a real op amp at a given frequency 
is: 


et = .../en2 + (Rp + Rn)2 in2 + 4kT (Rp + Rn) 


Where: 


Rn = Inverting 
input effective 
series resistance 


Rp = Non-inverting 
input effective 
series resistance 


en = Input voltage 
noise density 
at the frequency 
of 


interest 


in 
= Input current 
noise density 
at the frequency 
of 


interest 
T 
= Ambient 
temperature 
in Kelvin 
(K) 


k 
= 1.38 x 10-23 j/K 
(Soltzman's 
constant). 


In Figure 1, Rp = R3 and Rn = R1 /I R2. In a real application, 
the 
output 
resistance 
of the source 
driving 
the 
input 


must be included 
with Rp and Rn. The following 
example 


demonstrates 
how 
to calculate 
the total 
output 
noise 


density 
at a frequency 
of 1kHz for the MAX412 circuit 
in 


Figure 
1. 


Gain = 1000 
4kT at +25°C = 1.68 x 10-2oV2/oHz 
Rp = 1000 
Rn = 1000 II 100k = 99.90 
en = 1.8nV/v!lli 
in = 1.2pN.jRZ 


PIN 
NAME 
FUNCTION 


5 
IN2+ 
Non-Inverting Input 2. 


6 
IN2- 
Inverting Input 2. 


7 
OUT2 
Amplifier Signal Output 2. 


8 
V+ 
Positive Power Supply (Vcc). 


et = .../(1.8 x 10-9)2 + (100 + 99.9)2 (1.2 x 10-12)2 


.../+ (1.68 x 10-2°) (100 + 99.9) = 2.58nV/.jRZ 
at 1kHz 


Output 
noise density 
= (1000)et = 2.58f.JV/.jRZ 
at 1kHz. 


In general, 
the amplifier's 
voltage 
noise dominates 
with 


equivalent 
source 
resistances 
less than 
2000. 
As the 


equivalent 
source 
resistance 
increases, 
resistor 
noise 


becomes 
the 
dominant 
term, 
eventually 
making 
the 


voltage 
noise contribution 
from the MAX412 negligible. 


As the source 
resistance 
is further 
increased, 
current 


noise tecomes 
dominant. 
Forexample, 
when the equiva- 


lent source 
resistance 
is greater 
than 3kO at 1kHz, the 


current 
noise 
component 
is larger 
than 
the 
resistor 


noise. 
The 
graph 
of Total Noise 
Density 
vs. Matched 


Source 
Resistance 
shows 
this 
phenomenon. 
Optimal 


MAX412 noise performance 
and minimum 
total noise is 


achieved 
with 
an equivalent 
source 
resistance 
of less 


than 10kO. 


A1/JXI/VI 
1/2 MAX412 


IO.1~ 


-5V 


Figure 
1. Total Noise vs. Source 
Resistance 
Example 


Voltage Noise Testing 


The 
RMS 
voltage 
noise 
density 
of 
the 
MAX412 
is 


measured 
with the circuit 
shown 
in Figure 
2, using the 


Quan Tech Model 5173 noise analyzer, or equivalent. 
The 


voltage 
noise 
density 
at 1kHz 
is 100% tested 
on 
all 


production 
units. 
When 
measuring 
op 
amp 
voltage 


noise, only metal film resistors 
should 
be used in the test 


fixture, 
and resistor 
values should 
be minimized. 


Dual, Low-Noise, Low-Voltage 
Precision Op Amp 


The 0.1Hz to 10Hz peak-to-peak 
noise of the MAX412 is 


measured 
using the test circuit 
shown 
in Figure 
3. The 


frequency 
response 
of this circuit 
is shown 
in Figure 4. 


The test time for the 0.1Hz to 10Hz noise measurement 
should 
be limited 
to 10 seconds, 
which 
has the effect of 


adding 
a second 
zero 
to 
the 
test 
circuit, 
providing 


increased 
attenuation 
for frequencies 
below 0.1Hz. 
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Figure 4. 0.1Hz to 10Hz Voltage-Noise 
Test Circuit, 
Frequency 
Response 
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Current Noise Testing 


The current 
noise density 
of the MAX412 
is measured 


with the QuanTech 
Model 
5173 or equivalent 
using the 


test circuit 
shown 
in Figure 5. After the value of the input 


referred 
noise 
for 
the 
test 
circuit 
is measured, 
the 


current 
noise 
density 
can 
be 
calculated 
using 
the 
industry 
standard 
expression 
given below: 


= veno2 
- [(AVCL)(4kT)(Rn 
+ Rp)j2 


(Rn + Rp)(AvcLl 


Rn 
= Inverting 
input effective 
series resistance 


Rp 
= Non-inverting 
input effective 
series resistance 


eno 
= Output 
voltage 
noise density 
at the frequency 
of 


interest 


= Input current 
noise density 
at the frequency 
of 
interest 
AVCL = Closed-loop 
gain 
T 
= Ambient 
temperature 
in Kelvin 
(K) 


k 
= 1.38 x 10-23 j/K (Soltzman's 
constant). 


Dual, Low-Noise, 
Low Voltage 


Precision 
Op Amp 


Rp and Rn must include 
the resistances 
of the input 


driving 
source(s), 
if any. If the QuanTech 
Model 5173 is 


used to measure the voltage noise, then the AVCL terms 
in the numerator 
and denominator 
of the equation given 


above 
should 
be 
eliminated, 
since 
the 
QuanTech 


measures input referred noise. For the circuit 
in Figure 


5, assuming 
Rp is approximately 
equal to Rn and the 


measurement 
is taken with the QuanTech 
Model 5173, 
the equation 
simplifies 
to: 


. 
Jeno2 - [(16.6 x 10-21)(20 x 103)]2 
In = 
(20 x 10-3) 


R, 
10k 


100n 
eoe 
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Figure 5. Current-Noise 
Test Circuit 


Input Protection 


To protect 
amplifier 
inputs 
from excessive 
differential 


input 
voltages, 
most 
modern 
op amps 
contain 
input 


protection 
diodes and current 
limiting 
resistors. These 


resistors increase the input referred noise of the amplifier. 
To optimize 
noise 
performance, 
they 
have not been 


included 
in the 
MAX412. The 
MAX412 does contain 


back-to-back 
input protection 
diodes, which will protect 


the amplifier 
for differential 
input voltages 
of ±1.0V. If 


the amplifier 
must be protected 
from higher differential 


input voltages, external current limiting 
resistors should 


be added in series with the op amp inputs to limit the 
potential 
input current 
to no more than 20mA. 


Capacitive Load Driving 


Driving large capacitive loads will increase the likelihood 
of oscillation 
in amplifier 
circuits. 
This is especially true 


for circuits 
with high loop gains, like voltage followers. 


The output 
impedance 
of the amplifier 
and a capacitive 


load will form an RC network that adds a pole to the loop 
response. 
If the pole frequency 
is low enough, as when 


driving a large capacitive 
load, the circuit 
phase margin 


is degraded. 


In voltage 
follower 
circuits, 
the 
MAX412 will 
remain 


stable while driving 
capacitive 
loads as great as 100pF. 


Figure 6 is a photograph 
of the MAX412 driving a 100pF 


load in a closed loop gain configuration 
of +1V/V,with RF 
= 4990. 


When driving capacitive 
loads of greater than 100pF, an 


output 
isolation 
resistor should be added to the voltage 


follower 
circuit, 
as shown 
in Figure 
7. This 
resistor 


isolates the load capacitance 
from the amplifier 
output 


and restores the phase margin. Figure 8 is a photograph 
of the response of a MAX412 driving a 6800pF load with a 
220 isolation 
resistor. 


For inverting 
configurations, 
the capacitive 
load driving 


performance 
of the MAX412 is plotted 
for closed 
loop 


gains 
of 
-1V/V 
and 
-10V/V 
in 
the 
%Overshoot 
vs. 


Capacitive 
Load graph in the typical 
operating 
charac- 


teristics 
section. 


Total Supply Voltage Considerations 


Although 
the 
MAX412 
is specified 
with 
±5V 
power 


supplies, 
it is also capable 
of operating 
with 
a total 


supply 
voltage as low as 4.8V. The input voltage 
range 


for normal amplifier 
operation 
is between V- +1.5V and 


V+ -1.5V. The output 
voltage 
range (with a 2K load) is 


from 
V+ -1.4V and V- +1.3V, for total 
supply 
voltages 


from 
4.8V to 
10V. Operating 
characteristics 
at total 
~ 
supply 
voltages 
of less than 
10V are guaranteed 
by 


design and PSRR tests. 


Figure 6. MAX412 Driving 
100pF Load with No Isolation 


Resistor 


Dual, Low-Noise, 
Low-Voltage 
Precision 
Op Amp 


0.076":1 


0 


, 


Figure 8. MAX412 Driving 
6800pF Load with 22Q 


Isolation 
Resistor 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 
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High-Speed, 
Micropower 
Op Amps 


_______ 
Genera. Description 


The 
MAX438/MAX439 
high-speed, 
low-voltage, 


micropower 
op amps 
feature 
a unique 
combination 
of 


high-speed 
performance 
and low-power 
operation. 
Both 


parts are designed 
for applications 
that require a closed- 


loop gain (AvcLl 
of 5VN or greater. 


The MAX438 
requires 
less than 
75~A 
supply 
current 


while delivering 
a 6MHz gain-bandwidth 
product 
and a 


10V/~s slew rate. 
For applications 
requiring 
increased 


speed, 
the MAX439 
provides 
a 25MHz 
gain-bandwidth 


product 
and 
60V/~s 
slew 
rate while 
consuming 
less 


than 
375~A 
supply 
current. 
The 
MAX438/MAX439 


micropower 
op amps have excellent 
output 
drive capa- 


bility - the MAX438 
drives 
±3.6V 
into a 10kQ load and 


the 
MAX439 
drives 
±3.3V 
into 
a 2kQ 
load. 
Both 
op 


amps'operate 
from dual ±3V to ±5V supplies, 
or from a 


single 
+6Vto 
+10V. 


__________ 
App.ications 


Low-Power 
Signal Processing 


Filters 


Portable 
Instruments 


Remote Sensors 


.NIAXIAII 
MAX438 
MAX439 


MAX438 


• 
6MHz Gain Bandwidth 
(AVCL ~ 5VN) 


• 
10V/~sSlew Rate 
• 75~A Max Supply 
Current 


MAX439 


• 
25MHz Gain Bandwidth 
(AVCL ~ 5VIV) 


• 60V/~s Slew Rate 
• 375~A Max Supply 
Current 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX43SCPA 
O·C to +70'C 
S Plastic 
DIP 


MAX43SCSA 
O·C to +70'C 
SSO 


MAX43SC/D 
O·C to +70'C 
Dice- 


MAX43SEPA 
-40'C 
to +SS·C 
S Plastic 
DIP 


MAX43SESA 
-40'C 
to +SS·C 
SSO 


MAX439CPA 
O·C to +70'C 
S Plastic 
DIP 


MAX439CSA 
O·C to +70'C 
SSO 


MAX439C/D 
O·C to +70'C 
Dice- 


MAX439EPA 
-40'C 
to +SS·C 
S Plastic 
DIP 


MAX439ESA 
-40'C 
to +SS·C 
SSO 


MAX439MJA 
-SS'C to + 12S'C 
S CERDIP 


• 
Dice are specified 
at TA = +2S'C, 
DC parameters 
only. 


*" Contact 
factory for avaifabifity 
and processing 
to MIL -STD-883 .. 


High-Speed, 
Micropower 
Op Amps 


ABSOLUTE 
MAXIMUM 
RATINGS (Note 1) 


Supply 
Voltage 
(V+ to V-) 
12V 


Input Voltage 
Range 
(V+ + 0.3V) to (V- - 0.3V) 
Differential 
Input Voltage. 
.. 
. 
V+ to V- 


Short-Circuit 
Current 
Duration 
. . . 
. . . . . . . 
Indefinite 
Maximum 
Current 
into Any Pin 
50mA 
Continuous 
Power Dissipation 
(TA = + 70·C) 


Plastic 
DIP (derate 909mWrC 
above 
+ 70·C) 
SO (derate 5.88mWrC 
above 
+70·C) 
. 


CERDIP (derate 8.00mWrC 
above 
+70·C) 


Operating 
Temperature 
Ranges: 


MAX43_C 
__ 
. 


MAX43 
E 
MAX439MJA 


Storage Temperature 
Range 


Lead Temperature 
(soldering, 
10 sec) .. 


O·C to +70·C 


-40·C to +85·C 


-55·C to + 125·C 
-65·C to + 150·C 
+300·C 


727mW 
471mW 
640mW 


Stresses 
beyond 
those 
listed 
under 
·Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 


operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = +25·C, 
unless otherwise 
noted.) 


MAX438 
MAX439 


PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vas 
0.5 
2 
0.5 
2 
mV 


Offset Voltage 
Tempco 
tNos/6T 
TCVos 
TA=TMINtoTMAX 
25 
25 
JjV(C 


Input Bias Current 
IB 
±2 
±5 
±5 
±25 
nA 


Input Voltage 
Range 
IVR 
±35 
±3.8 
±3.5 
±3.8 
V 


Differential 
Input Resistance 
RIN(DIFF) 
90 
18 
MO 


Common-Mode 
Input Resistance 
RIN(CM) 
1 
1 
GO 


fa = 10Hz 
43 
33 
nV/..JHz 
Input Noise-Voltage 
Density 
en 
fa = 1000Hz 
26 
14 


fa = 10Hz 
006 
0.25 
pN..JHz 
Input Noise-Current 
Density 
in 
fa = 1000Hz 
0.03 
0.07 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM = ±3.5V 
75 
95 
66 
80 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±4.5V to ±5.5V 
56 
65 
60 
70 
dB 


RL = 10kO 
68 
75 
80 
Large-Signal 
Gain 
AVOL 
dB 


RL = 2kO 
68 
75 


RL = 10kO 
±3.6 
±3.9 
±36 
±3.9 
Output 
Voltage 
Swing 
VOUT 
V 


RL = 2kO 
±3.3 
±3.6 


Short-Circuit 
Output Current 
Isc 
3 
5 
mA 


Slew Rate 
SR 
10kO I I 20pF load 
7 
10 
40 
60 
V/JlS 


Gain Bandwidth 
GBW 
10kO I I 20pF load 
4 
6 
18 
25 
MHz 


Quiescent 
Current 
IQ 
40 
50 
75 
200 
250 
375 
JlA 


Minimum 
Closed-Loop 
Gain 
AVCL 
±5 
±5 
VN 


High-Speed, 
Micropower 
Op Amps 


ELECTRICAL 
CHARACTERISTICS 


(V+ ; 5V, v- ; -5V, TA; O'C to +70'C, 
unless otherwise 
noted.) 


MAX438 
MAX439 


PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
4 
4 
mV 


Input Bias Current 
IB 
±10 
±50 
nA 


Input Voltage 
Range 
IVR 
±3.5 
±3.5 
V 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM; 
±3.5V 
70 
66 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs ; ±4.5V to ±5.5V 
54 
60 
dB 


RL; 
10kO 
66 
Large-Signal 
Gain 
AVOL 
dB 
RL; 
2kO 
66 


RL; 
10kO 
±3.5 
±3.5 


Output 
Voltage 
Swing 
VOUT 
V 
RL; 
2kO 
±3.2 


Slew Rate 
SR 
10kn 
I I 20pF load 
63 
36 
V/flS 


Gain Bandwidth 
GBW 
10kn 
I I 20pF load 
3.7 
16.5 
MHz 


Quiescent 
Current 
10 
35 
90 
175 
450 
flA 


Minimum 
Closed-Loop 
Gain 
AVCL 
±5 
±5 
VN 


ELECTRICAL 
CHARACTERISTICS 


(V+ ; 5V, v- ; -5V, TA; 
-40'C 
to +85'C, 
unless otherwise 
noted.) 


MAX438 
MAX439 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
5 
5 
mV 


Input Bias Current 
IB 
±20 
±100 
nA 


Input Voltage 
Range 
IVR 
±3.5 
±3.5 
V 


Common-Mode 
Rejection 
Ratio 
CMRR 
VCM; 
±3.5V 
68 
66 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs ; ±4.5V to ±5.5V 
52 
58 
dB 


RL; 
10kO 
63 
Large-Signal 
Gain 
AVOL 
dB 
RL; 
2kO 
63 


RL; 
10kO 
±3.4 
±3.4 


Output 
Voltage 
Swing 
VOUT 
V 


RL; 
2kO 
±30 


Slew Rate 
SR 
10kn 
I I 20pF load 
5.6 
32 
V/flS 


Gain Bandwidth 
GBW 
10kn 
I I 20pF load 
3.4 
15 
MHz 


Quiescent 
Current 
10 
30 
95 
150 
475 
flA 


Minimum 
Closed-Loop 
Gain 
AVCL 
±5 
±5 
VN 


_______ 
General Description 


The MAX516 combines 
four low-power, 
programmable- 


threshold 
comparators 
on a single CMOS IC. 
Separate 


8-bit digital-to-analog 
converters 
(DACs) drive the com- 


parator 
inverting 
(-) 
inputs 
so 
that 
individual 
trip 


thresholds 
can be digitally 
set. All noninverting 
(+) com- 


parator 
inputs 
are brought 
out as analog 
inputs 
(AI NO- 


AIN3). 
Each 
comparator 
output 
swings 
high when 
its 


analog 
input exceeds 
its digitally 
set threshold. 
All four 


DACs 
share 
a common 
reference 
input 
to optimize 


matching 
and eliminate 
external 
trims. 


Digital 
inputs 
and 
comparator 
outputs 
are compatible 
with TTL and CMOS logic. 
A separate 
logic supply 
(VCC) 


allows comparator 
output 
levels to be set independently 


of VDD. 
The MAX516 operates 
conveniently 
from a single 


supply with VDD tied to VCC. 
Commercial, 
extended, 
and 


military 
temperature 
ranges 
are provided 
in 24-pin 
nar- 


row DIP and wide SO packages. 


Window 
Comparators 


Power-Supply 
Monitors 


Alarm Limit Detectors 


Battery Chargers 


Automated 
Test Equipment 


Process Control 


3 
Vcc 


2 
CO 


D7-DO 


11-18 
1 Cl 


10 


2\2 


A1 
9 


Wil8 
23C3 
cs 
7 


/~I/JXI/~I 
/"'. /J X 1/"'. 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


~1I1~JXI~1I1 


Quad Comparator with 


Programmable Threshold 


• 
4 Comparators 
and 4 DACs 


• 
Digitally 
Set Threshold 


• 
Monotonic 
Over Temperature 


• 
Parallel Microprocessor 
Interface 


• 
+5V to +15V Supply Operation 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 
ERROR 
(lSBs) 


MAX516ACNG 
O°C to +70°C 
24 Narrow Plastic DIP 
±1 


MAX516BCNG 
O°C to +70°C 
24 Narrow Plastic DIP 
±2 


MAX516ACWG 
O°C to +70°C 
24 Wide SO 
±1 


MAX516BCWG 
O°C to +70°C 
24 Wide SO 
±2 


MAX516BC/D 
O°C to +70°C 
Dice' 
±2 


MAX516AENG 
-40°C to +85°C 
24 Narrow Plastic DIP 
±1 


MAX516BENG 
-40°C to +85°C 
24 Narrow Plastic DIP 
±2 


MAX516AEWG 
-40°C to +85°C 
24 Wide SO 
±1 


MAX516BEWG 
-40°C to +85°C 
24 Wide SO 
±2 


MAX516AMRG 
-55°C to + 125°C 
24 Narrow CERDlpoo 
±1 


MAX516BMRG 
_55°C to + 125°C 
24 Narrow CERDlpoo 
±2 


• Contact 
factory 
for dice specifications. 


•• Contact 
factory 
for availability 
and processing 
to MIL-STD-883. 


----- - ----,,--- ---- 
-- ---- 


Programmable 
Threshold 


ABSOLUTE 
MAXIMUM 
RATINGS 


VDDtoGND 
Vcc 
to GND 


VDDtoVCC 
Digital 
Input Voltage 
to GND 
REF to GND 
Comparator 
Input to GND 


Co-C3 
to GND (Note 
1) 


Continuous 
Power Dissipation 
(TA = +70·C) 
Narrow 
Plastic 
DIP (derate 8.7mWrC 
above 
+ 70·C) 
480mW 
Wide SO (derate 
11.8mWrC 
above 
+ 70·C) 
650mW 
Narrow 
CERDIP (derate 
12.5mWrC 
above 
+70·C) 
690mW 


Note 
1: 
The outputs 
may be shorted 
to GND or VDD, provided 
the package's 
power dissipation 
is not exceeded. 


O·C to +70·C 
-40·C to +85·C 
-55·C to +125T 
-65·C to + 165·C 
+300·C 


Operating 
Temperature 
Ranges: 
MAX516_C_ 
MAX516_E_ 
MAX516_MRG 
Storage 
Temperature 
Range 


Lead Temperature 
(soldering, 
10 see) 


-0.3V, +17V 
-0.3V, VDD + 0.3V 
-0.3V, +17V 


-0.3V, VDD + 0.3V 
-0.3V, VDD + 0.3V 
-0.3V, VDD + 0.3V 
GND, Vcc 
+ 0.3V 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(VDD = Vcc 
= +4.75V, 
REF = + 1.25V or VDD = Vcc 
= + 165V, 
REF = + 1OV; GND = OV; TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC 
PERFORMANCE 


Resolution 
N 
8 
Bits 


MAX516A 
±1 
Total Unadjusted 
Error 
TUE 
LSB 
MAX516B 
±2 


MAX516A 
±a.5 


Relative Accuracy 
INL 
LSB 


MAX516B 
+1 


Differential 
Nonlinearity 
DNL 
Guaranteed 
monotonic 
±1 
LSB 


MAX516A 
±a.5 
Full-Scale 
Error 
LSB 
MAX516B 
±1 


Full-Scale 
Temperature 
VDD = 15V, REF = 10V 
±5 
ppmrC 
Coefficient 


TA = +25·C 
±5 


MAX516A 


Zero-Code 
Error 


TA = TMIN to TMAX 
±10 
mV 
TA = +25·C 
±10 
MAX516B 


TA = TMIN to TMAX 
±15 


Zero-Code 
Temperature 
±30 
Ilvrc 
Coefficient 


REFERENCE 
INPUT 
(4.75V $ VDD $ 16.5V) 


Reference 
Input Range 
REF 
1.25 
VDD -3.50 
V 


Reference 
Input Resistance 
RREF 
Worst-case 
code 
3.0 
4.5 
kQ 


Reference 
Input Capacitance 
CREF 
Worst-case 
code (Note 2) 
100 
250 
pF 


COMPARATOR 
INPUT 
(4.75V $ VDD $ 16.5V) 


Comparator 
Input Range 
VAIN 
0 
VDD 
V 


Comparator 
Input Bias Current 
IB 
TA = +25·C 
50 
300 
nA 


TA = TMIN to TMAX 
100 
400 


Quad Comparator 
with 


Programmable 
Threshold 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
:. 


(Voo = Vcc = +4.75V, 
REF = + 1.25V or Voo = Vcc = + 16.5V, REF = + 10V; GND = OV; TA = TMIN to TMAX, unless otherwise 
noted.) 
;: 


~•• 
G) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
00-07, 
WR, CS, (4.75V ~ Voo ~ 16.5V) 


Input High Voltage 
VINH 
2.4 
V 


Input Low Voltage 
VINL 
0.8 
V 


Input Leakage 
Current 
IIN 
VIN = OV or Voo 
±1 
liA 


Input Capacitance 
CIN 
(Note 2) 
10 
pF 


DIGITAL 
OUTPUTS 
CO-C3 (V~c = 5V) 


Output 
High Voltage 
VOH 
ISOURCE= 200l!A 
VCC-1 
V 


Output 
Low Voltage 
VOL 
ISINK = 1.6mA 
0.4 
V 


DYNAMIC 
PERFORMANCE 
(1.25V ~ REF ~ Voo -3.5V, OV ~ AIN < Voo -2V) 


Digital Input to Comparator 
Out Delay 
toco 
(Note 3) 
0.8 
2.0 
lis 


Analog Input to Comparator 
Out Delay 
tACO 
(Note 4) 
0.8 
1.5 
lis 


TIMING 
CHARACTERISTICS 


CS to WR Setup Time 
tcs 
0 
ns 


CS to WR Hold Time 
tCH 
0 
ns 


Address 
to WR Setup Time 
tAS 
50 
30 
ns 


Address 
to WR Hold Time 
tAH 
5 
0 
ns 


Data Valid to WR Setup Time 
tos 
50 
30 
ns 


Data Valid after WR Hold Time 
tOH 
5 
0 
ns 


WRITE Pulse Width 
tWR 
120 
50 
ns 


POWER 
SUPPLIES 


VooRange 
Voo 
4.75 
16.5 
V 


VCC Range 
VCC 
475 
VOO+0.30 
V 


Positive Supply 
Current 
100 
Logic 
inputs < VIL or > VIH 
10 
mA 


Logic Supply 
Icc 
10 
l!A 


Note 2: 
Guaranteed 
by design. 
Not production 
tested. 


Note 3: 
Voo = 5.00V, differential 
comparator 
input voltage 
changes 
by 1.25V with 5mV overdrive. 
VIN must be 3.5V less than Voo, 


or longer 
propagation 
delays will result. 


Note 4: 
Not tested, 
but guaranteed 
by correlation 
to toCO. 


SUPPLY 
CURRENT 
vs. SUPPLY 


VOLTAGE 
OVER 
TEMPERATURE 


20 


6 
8 
10 
12 
14 


REF (V) 


10 
12 
14 
16 
18 


VDD (V) 


I 
I VDD = +15V 
-. 


I- 
VDD = +5V 


VDD=+12V 


r'\- 
I 
/ 


2 
3 
4 
5 
6 
7 
8 
9 
10 11 12 1314 


REF (V) 


Quad Comparator 
with 
Programmable 
Threshold 


CD 
Pin Description 
,.. 


~; 


PIN 
NAME 
FUNCTION 


1,2 
Cl,CO 
Comparator Outputs 


3 
Vcc 
Comparator Output Supply 


4,5 
AIN1,AINO 
Comparator Analog Inputs 


6 
GNO 
Ground 


7 
CS 
CHIP SELECT 


8 
WR 
WRITE 


9, 10 
Al , AO 
OAC Address Inputs 


11-18 
07-00 
OAC Data Inputs, 8 bits 


19 
REF 
Reference Input 


20,21 
AIN3, AIN2 
Comparator Analog Inputs 


22 
Voo 
PositiveSupply Voltage 


23,24 
C3, C2 
Comparator Outputs 


______ 
Detailed Description 


The MAX516 contains 
four analog comparators 
and four 


matched 
8-bit digital-to-analog 
converters 
(OACs). 
The 
voltage output of each OAC is expressed 
in the equation: 


VOAC = REF x N/256, 


where N is the numerical 
equivalent 
of the 8-bit OAC input 


code 
(00-07). 
N ranges from 0 to 255 and may be set 


to a different 
level for each 
OAC (Table 
1). 
The OAC 


output, 
VOAC, does 
not appear 
on an output 
pin of the 
MAX516 
but 
is instead 
compared 
to an analog 
input 


signal by one of four internal comparators 
(see Functional 
Diagram). 
A comparator 
output is high when AIN is more 
positive 
than the comparator's 
digitally 
set threshold. 


Table 1. Comparator 
Threshold 
vs. DAC Input Code 


DACCODE 
COMPARATOR 
THRESHOLD 
MSB 
LSB 


(255) 
1111 
1111 
+REF 256 


1000 
0001 
+REFC29) 
256 


1000 
0000 
REF(128)= 
REF 
+ 
256 
+ 
2 


0111 
1111 
+REFC27) 
256 


0000 
0001 
+REF(2~6) 


0000 
0000 
OV 


Reference 
Input 


Comparator 
trip thresholds 
vary digitally 
between 
OVand 


1LSB below 
REF. 
All OACs share the same 
reference 


input. 


The input 
impedance 
of REF is code 
dependent. 
The 


lowest 
impedance, 
typically 
2kQ, 
occurs 
when 
0101 


0101 (HEX 55) is loaded 
into 00-07 
on all four OACs. 


When 0000 0000 is loaded 
into all OACs, REF appears 


as an open circuit. 
Because 
the input resistance 
at REF 


is code dependent, 
the reference 
source should have an 


output 
impedance 
of 
no 
more 
than 
4Q 
to 
maintain 


linearity. 
Input capacitance 
at REF is also code depend- 


ent and typically 
varies between 
1OOpF and 250pF. 


Comparator Inputs 


The "+" input of each comparator 
is brought 
out to AINO- 


AIN3. 
Comparator 
input bias current 
is typically 
100nA. 


Analog 
source 
resistances 
below 
1.25kQ 
generate 
less 


than 250~Vof 
bias-current induced comparator 
offset error. 


Digital Interface 


The digital 
inputs (00-07, 
CS, WR) are 
both TTL and 5V 


CMOS 
logic 
compatible; 
however, 
the 
power-supply 


current, 
100, depends 
on input logic levels. 
Supply 
cur- 


rents will be highest with TTL levels (tested 
limits are with 


worst-case 
logic levels). 
Supply current is reduced 
when 


digital 
inputs are driven 
near GNO and above 4V. 


Address 
lines AO and A 1 select which OAC receives 
data 


from the input port. 
Because 
CS and WR are internally 


ORed, the write cycle 
begins 
only after both go low, but 
data 
is latched 
and transferred 
to a OAC when 
either 
input returns high. 
Figure 1 shows the input control logic, 


Table 2 lists OAC addresses, 
and Table 3 is the truth table 


for WR and CS. 
Figure 2 shows write-cyle 
timing. 


NOTE: 
1LSB = (REF)(2-8) = +REF(2~6 ) 


3·38 --------------------------------- 


Quad Comparator 
with 


Programmable 
Threshold 


ADDRESS VALID V 
tAHj\~----------- 


DATA IN 


D7·DO 


Figure 2. 
Write-Cycle 
Timing 


Table 2. DAe Addressing 


A1 
AO 
SELECTED 
DAC 


0 
0 
OACOInput Register 


0 
1 
OAC1 Input Register 


1 
0 
OAC2 Input Register 


1 
1 
OAC3 Input Register 


- 
- 


FUNCTION 
CS 
WR 


1 
X 
No operation. The MAX516 is deselected. 
Existing register contents remain unchanged. 


0 
0 
OAC contents for selected address are loaded, 
but do not update the OAC until WR goes high. 


0 
i 
Latch 00-07 into input register of the selected 
OAC on rising edge. 


____ 
Applications Information 


Power·Supply and Reference 
Operating Ranges 


The MAX516 
is fully specified 
to operate 
with VOO be- 


tween 
+4.75V 
and 
+16.5V 
and 
is specified 
to operate 


with a reference 
input range of + 1.25V to VOO -3.5V. 


The comparator 
output supply, VCC, has a range of +4.5V 


to (VOO + O.3V). This allows the comparators' 
logic-high 


output 
levels to be set independently 
from VOO. In most 


applications, 
simply 
connect 
VCC and 
VOO together. 


NOTES: 
1. 
ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% TO 90% OF +SV Ir = " = 20n5 OVER Voo RANGE. 


2. 
TIMING MEASUREMENT REFERENCELEVEL IS 
VINH+VINl 
--2- 


Comparator 
outputs 
typically 
swing within 200mV of the 


supply 
rails when loaded 
with CMOS logic inputs. 


Hysteresis 


When analog 
input signals 
are slow moving 
or contain 


noise, 
comparator 
outputs 
may 
"chatter" 
near 
the 


threshold 
point. 
Be 
sure 
that 
proper 
power-supply 


bypass 
capacitors 
are in place (see Grounds 
and Bypass- 
~ 


ing 
section), 
because 
supply 
current 
rises when an out- -=--- 


put switches. 


Hysteresis 
may be added 
to any or all comparators 
to 


further resist oscillation 
during 
output transitions. 
This is 


accomplished 
with two resistors, 
as shown 
in Figure 3. 


When hysteresis 
is added, 
the threshold 
point will shift 


slightly 
as a result of the voltage 
divider 
formed 
by R1 


and R2. The amount of shift is described 
below: 


VTH= VT (~~ + 1) 


VTL= VT (~~ + 1)- 
Vcc (~~) 


VHYST= VTH- VTL 


VHYST= Vcc (~~ ) 


VT is the threshold 
voltage 
set by the internal 
DAC with 


no hysteresis 
connected. 
VTH is the shifted 
high-going 


threshold 
with 
hysteresis 
added. 
VTL is the 
shifted 


low-going 
threshold 
with hysteresis. 
VHYST is the total 


hysteresis 
and 
equals 
VTH - VTL. 
Note that 
VTL and 


VHYST change 
with VCC. With VCC = 5V, R1 = 1kn, and 


R2 = 200kn, 
VHYST = 25mV. 
Even though R1 is relatively 


small, the impedance 
seen by the signal source 
is large: 


R1 + R2. However, if R1 is large, input bias current (400nA 


Quad Comparator 
with 


Programmable 
Threshold 


R1 
VHYST= VCC (112) (SEE TEXT) 


VHYST= 25mV FOR VALUES SHOWN 


Figure 
3. Adding 
Hysteresis 
to Any Comparator 


max over temp.) 
may add 
offset error. 
1kQ x 400nA = 


OAmV offset error is due to bias current. 


Grounds and Bypassing 


Careful PC-board 
layout significantly 
minimizes 
crosstalk 
among 
the 
reference 
input, 
comparator 
outputs, 
and 
digital 
inputs. 
Keep 
digital 
and analog 
lines separate, 


and use ground 
traces 
as shields 
between 
them where 
possible. 
Separate 
AINO-AIN3 and REF from each other 
by running 
a ground 
trace between 
these pins. 


Bypass 
both Voo and Vcc to GND with a combination 
of 
a O.1~F low ESR and 
a 4.7~F 
capacitor 
close 
to the 
device. 
If Voo and Vcc are connected 
together, 
only one 


set of bypass 
capacitors 
is needed. 
If REF is not an AC 


input, 
it should 
be bypassed 
as well. 
Keep 
bypass- 


capacitor 
leads short for best supply 
noise rejection. 


Applications 


Threshold 
detection 
is often 
useful 
in automated 
test 


applications. 
Four individual 
thresholds 
can 
be inde- 


pendently 
altered 
under software 
control. 


Figure 
4 shows 
the connection 
for a hardware 
window 
comparison. 
DACO provides 
the upper trip point, DAC1 


the 
lower trip 
point. 
The difference 
between 
the trip 
points is the window 
size 
The AINO and AIN 1 inputs are 


tied together. 
One logic output is inverted and then ORed 


with the non inverted 
comparator 
output. 
The window 


output goes high when the analog 
input sits between 
the 


thresholds 
set by DACO and DAC1. 
The external logic in 
Figure 4 can also be simulated 
in software, or use a single 
comparator 
to perform 
a window 
comparison 
by loading 
two threshold 
limits in succession 
and noting 
the com- 


parator 
results of each (Figure 5). 


WINOOW OUT = 1 WHEN 
ANALOG IN IS BElWEEN 
DACO AND DAC1 
THRESHOLD SETIINGS 


AIN1 
AIN2 
AIN3 


AI NO 


GNO 
REF 


cs 


WR 


0605 
04 03 


0.140" 


(3.56 mm) 
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High-Speed, Positive Edge- Triggered, 
ECL-Compatible 
Voltage Comparators 


_______ 
General Description 


The MAX905/MAX906 
high-speed, 
single and dual ECL- 


compatible 
voltage 
comparators 
eliminate 
oscillation 
by 
separating 
the comparator 
input and output stages with a 
positive 
edge-triggered 
master-slave 
D flip-flop. 
Com- 
parator propagation 
delay is typically 
2ns, and is insensi- 
tive to input overdrive. 
The MAX905 and MAX906 resolve 


input signals as small as 3mV and 4mV respectively. 


These comparators 
feature 
separate 
analog 
and digital 
ground 
connections 
for maximum 
noise 
rejection, 
and 
operate 
from either dual supplies 
or from a single supply. 
Input common-mode 
voltage 
range extends to the nega- 
tive supply 
rail for a wide 7.9V input voltage 
range with 


±5V supplies. 


The MAX905 
is a single 
ECL comparator, 
available 
in 


14-pin 
DIP and SO packages. 
The MAX906 
is a dual 
version available 
in 16-pin DIP and SO packages. 
__________ 
Applications 


High-Speed 
ND 
Converters 


High-Speed 
Line Receivers 


Peak Detectors 


Threshold 
Detectors 


High-Speed 
Triggers 
_______ 
Pin Configurations 


____________ 
Features 


• 
Immune 
to Oscillation: 
Clocked 
Architecture 


• 
2ns Setup Time 


• 
2ns Propagation 
Delay 


• 
Prop Delay Independent 
of Overdrive 


• 
3mV Input Resolution 
(MAX905) 


• 
Input Range Includes 
Negative 
Supply 
Rail 


• 
Single- or Dual-Supply 
Capability 


• 
Separate 
Analog and Digital Supplies 


• 
Low Power: 
180mW/Comparator 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX90SCPD 
O'C to +70'C 
14 Plastic 
DIP 


MAX90SCSD 
O'C to +70'C 
14 Narrow 
SO 


MAX90SC/D 
O'C to +70'C 
Dice' 


MAX90SEPD 
-40'C 
to +8S'C 
14 Plastic 
DIP 


MAX90SESD 
-40'C 
to +8S'C 
14 Narrow 
SO 


MAX90SMJD 
-SS'C to + 12S'C 
14 CERDIP 


MAX906CPE 
O'C to +70'C 
16 Plastic 
DIP 


MAX906CSE 
O'C to +70'C 
16 Narrow 
SO 


MAX906C/D 
O'C to +70'C 
Dice' 


MAX906EPE 
-40'C 
to +8S'C 
16 Plastic 
DIP 


MAX906ESE 
-40'C 
to +8S'C 
16 Narrow 
SO 


High-Speed, 
Positive Edge- Triggered, 
ECL-Compatible 
Voltage Comparators 


ABSOLUTE 
MAXIMUM 
RATINGS 


Analog 
Supply 
Voltage 
(Vcc 
to VEE) 
... 
+ 12V 


Digital Supply 
Voltage 
(VEE to GND) 
. 
-6V 
Differential 
Input Voltage 
(VEE - 0.2V) to (Vee 
+ 0.2V) 
Common-Mode 
Input Volta~ 
.... 
(VEE - O.2V) to (Vce 
+ 0.2V) 
Clock Input Voltage (CLK or CLK). 
(VEE - 0.2V) to DGND + O.2V 
Output 
Current (0 or 5) . 
30mA 
Output 
Short-Circuit 
Duration (0 or Q to GND) 
Indefinite 
Continuous 
Power Dissipation 
MAX905 
DIP (derate 
10.00mWrc 
above 
+70°C) 
. 
SO (derate 8.00mWrc 
above 
+70°C) 
CERDIP (derate 9.09mWrC above +70°C) 
. 


MAX906 
DIP (derate 
10.53mWrC 
above 
+70°C) 
. 


SO (derate 8.70mWrC 
above 
+70°C) 


Operating 
Temperature 
Ranges: 


MAX90_C_ 
_ 
. . . . . . . . . . . . . . . . . . . . . . 
O°C to + 70°C 
MAX90_E_ 
_ 
-40°C to +85°C 
MAX90_MJD 
-55°C to + 125°C 
Storage 
Temperature 
Range 
.. -65°C to + 150°C 
Junction 
Temperature. 
. -65°C to + 170°C 


Lead Temperature 
(soldering, 
10 see) 
+300OC 


800mW 
640mW 
727mW 
842mW 
696mW 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to Ihe device. 
These are stress ratings 
onty, and functional 


operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operationat 
sections 
of the specifications 
IS not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability 


ELECTRICAL 
CHARACTERISTICS 


(Vee = +5V, VEE = -5V, TA = +25°C. 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Vos 
VCM = OV 


MAX905 
0.5 
1.0 
mV 
MAX906 
05 
15 


Input Bias Current 
Is 
Is+ or Is- 
4 
10 
llA 


Input Offset Current 
10S 
VCM = OV 
0.1 
1.0 
llA 


Input Referred 
Noise Voltage 
en 
(Note 1) 
600 
900 
llV 


Input Common-Mode 
Range 
VCM 
(Note 2) 
VEE - 01 
Vee - 22 
V 


Common-Mode 
Rejection 
Ratio 
CMRR 
OverVCM 
MAX905 
60 
120 
llVN 
range 
MAX906 
60 
180 


Power-Supply 
Rejection 
Ratio 
PSRR 
(Note 3) 
60 
120 
llVN 


Output 
High Voltage 
VOH 
(Note 4) 
-0.96 
-0.81 
V 


Output 
Low Voltage 
VOL 
(Note 4) 
-185 
-1.65 
V 


Clock 
Input Voltage 
High 
VeH 
-096 
0 
V 


Clock 
Input Voltage 
Low 
VCl 
-2.00 
-1.65 
V 


Clock 
Input Current 
High 
ICH 
50 
llA 


Clock 
Input Current 
Low 
ICl 
50 
llA 


Positive Supply 
Current 
Ice 
(Note 5) 
MAX905 
5 
8 
mA 


MAX906 
10 
16 


Negative 
Supply 
Current 
lEE 
(Note 5) 
MAX905 
18 
24 
mA 


MAX906 
36 
48 


Power Dissipation 
PD 
(Notes 5. 6) 
MAX905 
180 
260 
mW 
MAX906 
360 
520 


Positive 
Propagation 
Delay 
tpD+ 
(Notes 
7, 8) 
18 
3.5 
ns 


Negative 
Propagation 
Delay 
tpD- 
(Notes 
7, 8) 
1.8 
3.5 
ns 


Clock Setup Time 
ts 
VOD = 5mV 
(Note 8) 
2.0 
ns 


VOD = 10mV 
(Notes 
7, 8) 
1.5 
3.0 


High-Speed, Positive Edge- Triggered, 
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ELECTRICAL 
CHARACTERISTICS 


(Vcc 
= +SV, VEE = -sv, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX90SC 
O.S 
1.S 


Input Offset Voltage 
Vos 
VCM = OV 
MAX90SE/M 
O.S 
2.S 
mV 


MAX906C 
O.S 
2.S 


MAX906E/M 
O.S 
3.S 


Input Bias Current 
Is 
Is+ or Is- 
6 
lS 
~A 


Input Offset Current 
10S 
VCM = OV 
02 
2.0 
~A 


Input Referred 
Noise Voltage 
en 
(Note 
1) 
600 
900 
~V 


Input Common-Mode 
Range 
VCM 
(Note 2) 
VEE -0.1 
VCC - 2.2 
V 


Common-Mode 
Rejection 
Ratio 
CMRR 
80 
180 
~VN 


Power-Supply 
Rejection 
Ratio 
PSRR 
(Note 3) 
70 
lS0 
~VN 


TA = -SS·C 
-1.11 
-0.93 


TA = -40T 
-108 
-0.91 


Output 
High Voltage 
(Note 4) 
VOH 
TA = O·C 
-1.01 
-08S 
V 


TA = +70·C 
-0.90 
-0.72 


TA = +8S·C 
-089 
-0.70 


TA=+12S·C 
-0.8S 
-0.63 


TA = -SST 
-190 
-169 


TA = -40T 
-1.90 
-1.68 


Output 
Low Voltage 
(Note 4) 
VOL 
TA = O·C 
-1.87 
-1.66 
V 


TA = +70·C 
-183 
-1.62 


TA = +8S·C 
-1.83 
-1.62 
. 


TA = +12S·C 
-180 
-160 


Clock 
Input Voltage 
High 
VCH 
-1.11 
0 
V 


Clock 
Input Voltage 
Low 
VCl 
-2.00 
-1.60 
V 


Clock 
Input Current 
High 
ICH 
SO 
~A 


Clock 
Input Current 
Low 
ICl 
SO 
~A 


Positive 
Supply 
Current 
Icc 
(Note S) 
MAX90S 
6 
10 
mA 
MAX906 
12 
20 


Negative 
Supply 
Current 
lEE 
(NoteS) 
MAX90S 
23 
32 
mA 
MAX906 
46 
64 


Power Dissipation 
PO 
(Notes S, 6) 
MAX90S 
220 
320 
mW 
MAX906 
440 
640 


Positive 
Propagation 
Delay 
tpD+ 
(Notes 
7, 8) 
2.0 
4.0 
ns 


Negative 
Propagation 
Delay 
tPD- 
(Notes 
7, 8) 
2.0 
40 
ns 


Clock 
Setup Time 
ts 
VOD = 10mV (Notes 
7, 8) 
2.0 
4.0 
ns 


Note 1: 
Note 2: 


Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 


Guaranteed 
by design. 
Input Referred 
Noise Voltage 
uncertainty 
is specified 
over the full bandwidth 
of the device. 


The input common-mode 
voltage 
or either input signal voltage 
should 
not be allowed 
to go more than 0.2V below VEE. The 
upper 
input common-mode 
range 
limit is typically 
VCC - 2V, but either input can go to VCC + 0.2V without 
damage. 


Tested for +4.7SV < VCC < +S.2SV and -S.SOV < VEE < -4.7SV 
Tested with RlOAD = son terminated 
in -2V 


Icc, 
lEE and PO tested for worst-case 
condition 
of Vcc 
= +S.2SV and VEE = -S.SV 
Includes 
internal 
power dissipation 
due to external 
load resistors. 
Guaranteed 
by design. 
Measured 
in a high-speed 
fixture with RlOAD = son, and ClOAD 
= lSpF, terminated 
into -2V 
Clock 
input voltage 
rise and fall times should 
not exceed 
SOns for correct 
triggering 
of comparator. 
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MAX905 


PIN 
NAME 
FUNCTION 


1 
VEE 
Negative 
Digital Supply 


2 
IN+ 
Positive 
Input 


3 
IN- 
Negative 
Input 


4 
AGND 
Analog 
Ground 
Terminal 


5 
Vcc 
Positive Analog 
Supply 


6,7,8 
N.C. 
No Connect 


9 
VEE SUB 
Negative 
Analog 
Supply 


10 
ClK 
Negative 
ECl 
Clock 
Input 


11 
ClK 
Positive 
ECl 
Clock 
Input 


12 
DGND 
Digital 
Ground 
Terminal 


13 
0 
Positive 
ECl 
Output 


14 
0 
Negative 
ECl 
Output 


MAX906 


PIN 
NAME 
FUNCTION 


1 
VEEA 
Negative 
Digital Supply 
(Channel 
A) 


2 
IN+ A 
Positive 
Input (Channel 
A) 


3 
IN-A 
Negative 
Input (Channel 
A) 


4 
AGND 
Analog 
Ground 
Terminal 


5 
Vcc 
Positive Analog 
Supply 


6 
IN- B 
Negative 
Input (Channel 
B) 


7 
IN+ B 
Positive 
Input (Channel 
B) 


8 
VEEB 
Negative 
Digital Supply 
(Channel 
B) 


9 
Os 
Negative 
ECl 
Output 
(Channel 
B) 


10 
Os 
Positive 
ECl 
Output 
(Channel 
B) 


11 
VEESUB 
Negative 
Analog 
Supply 


12 
ClK 
Negative 
ECl 
Clock 
Input 


13 
ClK 
Positive 
ECl 
Clock 
Input 


14 
DGND 
Digital Ground 
Terminal 


15 
OA 
Positive ECl 
Output 
(Channel 
A) 


16 
OA 
Negative 
ECl 
Output 
(Channel 
A) 


________ 
Device Overview 


The MAX90S (single) 
and MAX906 (dual) are ultra high- 
speed 
ECl-compatible 
comparators 
with 
an 
internal 


positive 
edge-triggered 
master-slave 
D flip-flop. 
Unlike 


industry-standard 
ECl 
comparators, 
this 
architecture 


breaks the input-to-output 
signal path to accomplish 
the 


following: 


1) Prevent oscillations 
caused 
by unwanted 
parasitic 
feedback 
when the comparator 
is in its linear region. 


No minimum 
input slew rate is required. 


2) Propagation 
delay remains constant with varying input 
overdrive. 


______ 
Detailed Description 


The comparator 
can 
be divided 
into three 
stages, 
as 
shown in Figure 
1: 


1) Input Amplifier 


2) Master-Slave 
D Flip-Flop 


3) ECl 
Output 
Stage 


Figure 
1. MAX905/MAX906 
Block Diagram 


Input Amplifier 


The comparator 
input amplifier 
is fully differential. 
Input 
offset 
voltage 
is trimmed 
to less 
than 
1.0mV 
for the 


MAX90S, 
and 
less than 
1.SmV for the MAX906. 
Input 
common-mode 
range 
extends 
from 
100mV 
below 
the 


negative 
supply 
rail (VEE) to 2.2V 
below 
the 
positive 


supply 
rail (VCC). Total input voltage 
range is 7.9V when 


operating 
from ±SV supplies. 


The master-slave architecture enables the MAX90S to com- 
pare input signals 
down to 3mV over its entire common- 
mode 
range. 
Similarly, 
the 
MAX906 
compares 
input 
signals as low as 4mV (see Table 1). Any input signal less 
than 3mV (4mV for MAX906) may not be distinguished 
from 
the 
comparator's 
total 
worst-case 
DC 
error. 
The 


MAX90S/MAX906 
total worst-case 
DC error is calculated 


by summing input offset voltage (VOS), input referred noise 
(en), common-mode 
rejection 
ratio (CMRR), and power- 
supply 
rejection 
ratio (PSRR). 
Table 1 shows 
the maxi- 
mum 
total 
input 
referred 
error 
at 
+2S·C 
and 
over 


temperature. 
For many applications, 
take the RMS sum- 


mation of the individual errors for a more meaningful 
repre- 
sentation of the total input referred error (see Table 2). 


High-Speed, Positive Edge-Triggered, 
ECL-Compatible 
Voltage Comparators 


Part 
+2S'C 
Commercial 
Temp. 
Ext. Ind/Military 
Temp. 
' 


(mV) 
(mV) 
(mV) 


MAX905 
3 
4 
5 


MAX906 
4 
5 
6 


Part 
+2S'C 
Commercial 
Temp. 
Ext. Ind/Military 
Temp. 
(mV) 
(mV) 
(mV) 


MAX905 
1.7 
23 
3.0 


MAX906 
2.3 
3.0 
3.9 


Master-Slave 
D Flip-Flop 


The master-slave 
D flip-flop 
is immune to metastability 
by 


design, 
and propagation 
delay 
is independent 
of input 
overdrive 
(Voo). 
The MAX905/MAX906 
master flip-flop 


has an input stage that samples 
the output 
of the input 


amplifier 
and a latch to hold the sampled 
data when the 


master 
input 
stage 
is disabled. 
The 
latched 
data 
is 
transferred 
to the MAX905/MAX906 
slave flip-flop 
only on 


the clock's 
rising edge. 
The input amplifier 
continuously 
monitors 
the input signal. 


Clock Cycle 


Clock 
low: 
When the clock 
is low, the master flip-flop's 
input stage samples the output of the input amplifier. 
The 


slave flip-flop 
maintains 
valid outputs 
from the previously 
sampled data. The comparator 
inputs are isolated from the 


comparator 
outputs 
because 
the 
slave 
flip-flop's 
input 


stage is disabled. 
See Figure 2. 


Clock Rising Edge: 
On the rising edge of the clock, 
the 


master flip-flop 
input stage turns off and the latch holds 


the sampled 
data. 
Shortly 
after, the slave 
input 
stage 


turns 
on and samples 
the outputs 
of the master. 
The 


~-------------------------- 
""'----- 


ECl output 
stage simultaneously 
receives 
data from the 


slave. 


Clock High: 
The slave flip-flop 
continues 
to sample 
data 
from the master while the clock 
is high. 
The master flip- 


flop latch holds data from the previous 
rising clock edge. 


Clock 
Falling 
Edge: 
On the falling 
edge 
of the clock, 


data from the previous 
rising clock 
edge 
is latched 
into 


the slave, and the input of the master 
flip-flop 
is turned 


on. 
New data is not transferred 
to the ECl 
output stage 


on the falling edge of the clock cycle. 


ECL. Output Stage 


The ECl 
output 
stage 
receives 
data from the slave flip- 


flop. 
Proper ECl 
output voltage 
levels and temperature 


coefficients 
are maintained 
by the output 
amplifier 
over 


commercial, 
extended 
industrial, 
and military 
tempera- 


ture ranges. The comparator's 
outputs (0 and 0) are fully 


differential 
and MECl 
10k compatible. 


____ 
Applications Information 


Maximum Clock Rate 


The 
MAX905/MAX906 
maximum 
clock 
frequency 
is a 


direct function 
of the comparator's 
minimum 
clock setup 


time. 
Typical clock setup time is 2ns, which translates 
to 


a theoretical 
500MHz 
maximum 
clock 
frequency. 
As 


shown in Figure 3, the maximum 
output toggle 
rate is 1/2 


the clock 
frequency, 
because 
the comparator 
triggers 


only on the rising edge of each clock cycle. 


For proper 
clock 
triggering, 
the MAX905/MAX906 
ECl 


clock rise and fall times must be less than 50ns. 
If clock 


rise/fall times are greater than 50ns, the comparator 
may 


incorrectly 
sample 
the input signal 
at the clock's 
falling 


edge. 
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Power Supp.ies 


The MAX905/MAX906 
are tested 
while 
operating 
from 
±5V supplies. 
The comparators 
also operate from stand- 


ard Eel +5V and -5.2V power 
supplies 
with the same 


guaranteed 
performance. 


In high-speed, 
mixed-signal 
applications 
where 
a com- 


mon ground 
is shared, 
a noisy digital 
environment 
can 


adversely 
affect the integrity 
of the analog 
input signal. 


The MAX905/MAX906 
isolate the analog 
and digital sig- 


nals by providing 
separate 
analog 
(AGND) 
and digital 


(DGND) grounds. 
For applications 
that cannot separate 


analog 
and digital 
grounds, 
AGND 
and DGND 
may be 


tied together 
if a good ground 
plane is available. 


Figure 4a. 
±5V Supplies, 
Separate 
Ground" 


" Separate 
ground 
is optional. 
DGND and AGND 
may be tied 


together. 


The MAX905/MAX906 
offer the unique 
ability to operate 
from a single supply. 
The comparators' 
input common- 
mode 
voltage 
range 
includes 
the negative 
supply 
rail. 


Figure 4 shows the two supply 
voltage 
conditions: 


1) Dual ±5V Supplies 
(or +5V and -5.2V) 


2) Single -5V Supply 
(or -5.2V) 


Input S'ew Rate 
~ 


The 
MAX905/MAX906's 
master-slave 
architecture 
eliminates the minimum input slew-rate 
requirement 
com- 


mon to standard 
comparator 
architectures. 
As long as 


the comparator 
is clocked 
after the minimum 
data-to- 
clock 
setup 
time requirement, 
and the input 
is greater 


-2V 


Figure 4b. 
Single -5V Supply, 
Separate 
Ground" 


",gn-:;peeCl, Pos,t,ve Edge-Triggered, 
ECL-Compatible 
Voltage Comparators 


DoUT 


son 
ClK} 
ECl 
son 
ClK 
I> l00<Hz 


~.l11F 
O.lll~ 
-2V ::TI111F 


-2V - 
- 
-SV 
0.111F 
- 


lOOk 


VaUT 
FROM OoUT 


lOOk 
FROM OaUT 


~.l11F 
- 


CDa 
=; 
10k 


~ 


10n 
a 
10n 
= 


VCM 


J!.l11F 
; 


-- 


OUT 


MAX9685 
,-----------, 
I 
I 


I 
I 


: 
DaUT 
: 


I 
I 
I 
I 
I 
L 
J 


} 


MAX9685 Vas = Vaur - VCM 
1000 


than the comparator's 
total DC error, the output 
data will 


be valid without 
oscillations. 


Board Layout 


As with all high-speed 
components, 
careful 
high-speed 


board 
layout 
and 
bypassing 
are essential 
for optimal 


performance. 
A printed 
circuit 
board 
with 
low induc- 


tance and separate 
digital and analog grounds 
is recom- 


mended. 
All decoupling 
capacitors 
should 
be mounted 


as close 
to the comparator 
power-supply 
pins as pos- 


sible, with ground 
return 
lead lengths 
as short as pos- 


Sible. 
Pay 
close 
attention 
to the 
bandwidth 
of the 


decoupling 
and terminating 
components. 
Soldering 
the 


MAX905/MAX906 
and other components 
directly 
to the 


board. 
without 
sockets 
minimizes 
unwanted 
parasitic 


capacitance. 


Typical Application 


High-Speed 
Comparator 
Vas Measurement 
Circuit: 
The 
circuit 
of Figure 5 shows the MAX905 
used to measure 
input offset voltage 
(Vas) of the MAX9685, 
an ultra high- 


speed 
ECl comparator. 
When the MAX9685 comparator 


ISput Into a standard 
op-amp test loop, its high-frequency 


open-loop 
gain 
causes 
oscillations. 
However, 
in this 


application, 
the 
MAX9685's 
output 
feeds 
into 
the 


MAX905, 
which 
then feeds 
into a differential 
integrator. 


The MAX905's 
D flip-flop 
architecture 
breaks 
the feed- 


back 
path that 
normally 
causes 
oscillations. 
The test 


loop forces the MAX9685's output to switch with a precise 
50% duty cycle, thus 
V 
_ VaUT- 
VCM 
as - 
1000 
. 


High-Speed, 
Positive Edge- Triggered, 


ECL-Compatible 
Voltage Comparators 


Chip Topographies E 


~a 


MAX905 
MAX900 
~ 


IN+A 
VEEA 
OA 
E 


1 
1 


~ 


IN- 
DGND 
IN-A 
a 
en 


AGND 
ClK 
0.092" 
AGND 
0.092" 


(2.336 mm) 
ClK 
(2.336 mm) 


Vcc 
ClK 
I 


Vcc 


VEESUB 
IN-B 


IN+B 
VEEB 
OS as 


ADVANCE INFORMATION 


All information 
in this data sheet is preliminary 
~III~'XI~III 
and subject 
to change. 
~ 
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High-Speed, Ultra-Low Power, 


Single +5V, Dual TTL Comparator 


_______ 
General Description 


The MAX907 
is a dual, 
high-speed, 
micropower 
com- 


parator 
designed 
for single 
+5V 
supply 
systems. 
A 


30ns 
propagation 
delay 
(at 5mV 
input 
overdrive) 
is 


achieved 
with a low power consumption 
of only 3.5mW 


per comparator. 
The wide input common-mode 
range 


extends 
from 
ground 
to within 
1.5V 
from the positive 


supply 
rail. 


The MAX907 outputs 
are TIL compatible 
and require no 


external 
pull-up 
circuitry. 
All inputs and outputs 
can be 


indefinitely 
shorted 
to either supply 
rail without 
damage. 
Internal 
hysteresis 
in the MAX907 
ensures 
clean output 


switching, 
even when the device is driven by a slow-mov- 


ing input signal. 


The MAX907, 
available 
in both 8-pin DIP and narrow SO 


packages, 
is the ideal 
comparator 
for all applications 


requiring 
high 
speed 
and 
precision 
together 
with 
low 


power dissipation. 


For similar high-speed, 
micropower 
applications 
that re- 


quire four comparators, 
contact the factory for availability 


of the MAX908 quad. 


Battery-Powered 
Systems 


High-Speed 
A/D Converters 


High-Speed 
V/F Converters 


Line Receivers 


Threshold 
Detectors/Discriminators 


High-Speed 
Sampling 
Circuits 


Zero-Crossing 
Detectors 


• 
30ns Propagation 
Delay 


• 
3.5mW 
Per Comparator 
Power Consumption 


• 
+5V Single-Supply 
Operation 


• 
Input Range Includes 
Ground 


• 
2mV Internal Hysteresis 
Provides Clean Switching 


• 
TTL-Compatible 
Outputs 


• 
Input and Output Short-Circuit 
Protection 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX907CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX907CSA 
O'C to+70'C 
8S0 


MAX907C/D 
O'C to +70'C 
Dice' 


MAX907EPA 
-40'C 
to +8S'C 
8 Plastic 
DIP 


MAX907ESA 
-40'C 
to +8S'C 
8S0 


MAX907MJA 
-SS'C to + 12S'C 
8CERDIP 


n.gn-~peea, U'Ira-LOW ,.,ower, 
Single +SV, Dual TTL Comparator 


ABSOLUTE 
MAXIMUM 
RATINGS 


Power-Supply 
Voltage 
(Vcc 
to GND) 
. 
Differential 
Input Voltage 
Common-Mode 
Input Voltage 
Input/Output 
Short-Circuit 
Duration: 


To VCC . 
. 
Indefinite 
To GND 
Indefinite 
Continuous 
Power Dissipation 
(TA : 
+ 70·C) 
Plastic DIP (derate 9.09mWtC above 
+70·C) 
SO (derate 
S.88mWrC 
above 
+70·C) 
CERDIP (derate 8.00mWrc 
above 
+ 70·C) 


Operating 
Temperature 
Ranges: 
MAX907C 
, ".. 
. 
O·C to +70·C 
MAX907E 
-40·C to +8S·C 
MAX907MJA 
-SS·C to + 12S'C 
Storage 
Temperature 
Range 
-6S·C to + 160·C 


Lead Temperature 
(soldering, 
10 sec) 
..... 
+300·C 


+7V 


-0.3V to (Vcc 
+ 0.3V) 


-o.3V to (Vcc 
+ 0.3V) 


727mW 
471mW 
640mW 


Stresses 
beyond 
those listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability 


ELECTRICAL 
CHARACTERISTICS 


(Vcc 
: 
+sv, 
TA : 
+2S·C, unless otherwise 
noted,) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Vos 
(Note 1) 
1 
3 
mV 


Input-Referred 
Hysteresis 
VHYST 
(Note 2) 
±2 
mV 


Input Bias Current 
IB 
VCM: 
OV, Vo: 
1.4V 
100 
300 
nA 


Input Offset Current 
los 
VCM: 
OV, VO: 
l.4V 
2S 
SO 
nA 


Input Voltage 
Range 
VCM 
(Note 3) 
-0.2 
Vcc-l.S 
V 


Common-Mode 
Rejection 
Ratio 
CMRR 
(Note 4) 
SO 
100 
IJ,VN 


Power-Supply 
Rejection 
Ratio 
PSRR 
(NoteS) 
SO 
100 
IJ,VN 


Output 
High Voltage 
VOH 
VIN: 
100mV, ISOURCE: 
100lJ,A 
2.6 
3.0 
V 


Output 
Low Voltage 
I 
ISINK = 2mA 
03 
0.4 
VOL 
VIN: 
100mV 
I ISINK = 4mA 


V 


0.4 
0.6 


Supply Current (Per Comparator) 
Icc 
VCC: 
S.SV 
0.7 
1.0 
mA 


Power Dissipation 
PDISS 
(Note 6) 
3.S 
S.S 
mW 
(Per Comparator) 


Input to Output 
High Response 
tpd+ 
VIN: 
100mV. VOD: 
SmV (Note 7) 
30 
SO 
ns 
Time 


Input to Output 
Low Response 
tpd- 
VIN: 
100mV, VOD: 
SmV (Note 7) 
30 
SO 
ns 
Time 


High-Speed, 
Ultra-Low Power, 


Single +5V, Dual TTL Comparator 


ELECTRICAL 
CHARACTERISTICS 


(Vcc = +sv, 
TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Vas 
(Note 1) 
1.S 
S 
mV 


Input-Referred 
Hysteresis 
VHYST 
(Note 2) 
±2 
mV 


Input Bias Current 
IB 
VCM = OV, Va = 104V 
200 
SOO 
nA 


Input Offset Current 
10S 
VCM = OV, Va = 104V 
SO 
100 
nA 


Input Voltage 
Range 
VCM 
(Note 3) 
-0.2 
Vcc-1.S 
V 


Common-Mode 
Rejection 
Ratio 
CMRR 
(Note 4) 
7S 
2S0 
llYN 


Power-Supply 
Rejection 
Ratio 
PSRR 
(NoteS) 
7S 
2S0 
llYN 


Output 
High Voltage 
VOH 
VIN = 100mV, ISOURCE= 1OO11A 
2.6 
30 
V 
I 
ISINK = 2mA 
0.3 
004 
Output 
Low Voltage 
VOL 
VIN = 100mV 
I ISINK = 4mA 
V 
0.4 
06 


Supply Current (Per Comparator) 
ICC 
VCC = S.SV 
1.0 
1.S 
mA 


Power Dissipation 
POISS 
(Note 6) 
S 
9 
mW 
(Per Comparator) 


Input to Output 
High Response 
tpd+ 
VIN = 100mV, VOO = SmV (Note 7) 
40 
70 
ns 
Time 


Input to Output 
Low Response 
tpd- 
VIN = 100mV, VOO = SmV (Note 7) 
40 
70 
ns 
Time 


Note 1: 


Note 2: 


Note 3: 


Note 4: 
NoteS: 
Note 6: 
Note 7: 


In the MAX907, 
Vas is defined 
as the center 
of the zone of input-referred 
hysteresis 
(VHYST). Vas is specified 
for VCM = OV 
and VOUT = + 104V (TIL 
threshold). 
~ 
Input-referred 
hysteresis zone (VHYST) is defined as the difference 
between the upper and lower input voltage trip points required 
to ••••• 
make the output 
change 
states. 
Inferred 
from the CMRR test. 
A correct 
logic result is obtained 
at the output 
if at least ONE input is within the CMR limits. 
Either one or both inputs can be driven to a maximum 
of any voltage 
between 
-0.3V to (VCC + 0.3V) without 
damage. 
Tested 
with VCC = +S.SV and for -0.2V < VCM < VCC - 1.SV. 


Tested 
for +4.SV < VCC < S.SV (full tolerance 
of operating 
supply 
voltage). 


Typical 
power dissipation 
specified 
with VCC = +SV, maximum 
with VCC = +S.SV. 
Due to difficulties 
in measuring 
tpd with SmV of overdrive 
in automatic 
test equipment, 
the MAX907 
is sample 
tested 
with 
100mV of input overdrive. 
Correlation 
tests show that the specification 
can be guaranteed, 
if all other DC parameters 
are 
within the specified 
limits. 
Vas must be added 
to the overdrive 
voltage 
for low values of overdrive. 
See Typical 
Operating 
Characteristics. 
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High-Speed, Threshold-Programmable 


Voltage Comparators 


_______ 
Genera' Description 


The MAX910/MAX911 are the first high-speed 
comparators 


to include an 8-bit DAC with voltage reference to set the input 
threshold voltage. The MAX910 has a TIl 
compatible output 


while the MAX911 output is fully differential 
and ECl com- 


patible. 
Comparator 
propagation 
delay 
is 8ns for the 
MAX910 and only 4ns for the MAX911. 
For high-speed 


comparator 
applications 
where the threshold 
must be up- 


dated rapidly, such as automatic 
test equipment 
(ATE) or 


process control applications, 
the MAX910/MAX911 provide 


a complete, 
single IC solution which significantly 
reduces 


stray capacitance, 
board space, design time and cost over 
multi-chip, discrete solutions. 


The comparator 
threshold level, set by the DAC, has 10mV 


or 20mV pin-selectable 
resolution (a full-scale range of either 


2.S6V or S.12V) when used with the internal reference. 
An 


external reference input is also provided. 


The MAX910/MAX911 
feature 
separate 
power and com- 


parator ground pins to eliminate coupling between the com- 
parator output and analog input. Both parts can be powered 
from either ±SV, or +SV and -S.2V supplies. 
__________ 
App'ications 


Analog-to-Digital 
Converters 


Voltage-to-Frequency 
Converters 


Threshold 
Detectors 


Window 
Discriminators 


Sampling 


Automatic 
Test Equipment 


.-AXI.- 
7 
500k 


MAX910 
VEE 


REFOUT 
9 


REFIN 
8 
CMP 
OUT 
17 


----------- 
Features 
I: 


• 
8ns Propagation 
Delay, TIl-Compatible 
Output 
~ 
(MAX910) 
,.. 


• 
4ns Propagation 
Delay, ECl-Compatible 
Output 
~ 
(MAX911) 
~ 


• 
200mW 
Power Dissipation 
...., 


• 
8-Bit Digitally 
Programmable 
Threshold 
level 
~ 


• 
Internal 
+2.56V Voltage 
Reference 
:Ii 


• 
2.56Vor 
5.12V Full-Scale 
Range 
t 


• 
separate 
Analog and Digital Supplies 
~ 


• 
Comparator 
Output 
latch 
Function 
(0 
...., 
...., 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX910CAG 
O"Cto +70'C 
24 SSOP" 


MAX910CNG 
O"Cto +70·C 
24 Narrow Plastic DIP 


MAX910CWG 
O·Cto +70·C 
24 Wide SO 


MAX910C/D 
O·Cto +70·C 
Dice' 


MAX910EAG 
-40·C to +8S·C 
24 SSOP" 


MAX910ENG 
-40·C to +8S·C 
24 Narrow Plastic DIP 


MAX910EWG 
-40·C to +8S·C 
24 Wide SO 


• Dice are specified 
at TA = +2S"C, DC parameters 
only. 


"Contact 
factory 
for pricing 
and availability 


REFIN 
8 


REFOUT 


THRESHOLD OUTPUT 
RANGE = -2.54V TO +2.56V; 
llSB 
=20mV 


PROGRAMMABLE 
LEVEL 
DETECTOR 


/1I1/JXI/III 
Maxim Integrated 
Products 
3·57 


High-Speed, 
Threshold-Programmable 


Voltage Comparators 


ABSOLUTE 
MAXIMUM 
RATINGS (Note 1) 


Analog 
Supply 
Voltage 
(Vcc 
to VEE) 
+ 12V 
Digital Supply 
Voltage 
(Voo to GND) 
. . . . . . . . . . . . . . . 
+6V 


VEE to GND 
-6V 


CMP GND to GND 
. . 
. . ±1V 


CMP IN+ to CMP IN- 
[VEE - O.2Vj to [Vcc 
+ 0.2V] 


TH CTRL . 
[VEE - O.2Vj to [Vcc 
+ 0.2V] 
00-07 
. 
. 
-O.2V to [Voo + 0.2V] 
REFIN 
. 
[VEE - 0.2V] to [Vcc 
+ O.2V] 


CMP OUT Short-Circuit 
Duration 
(MAX910 
only) 
to GND 
Indefinite 
to Vcc 
.. 1 minute 
Q and Q Continuous 
Output 
Current 
(MAX911 
only) ..... 
SOmA 
REFOUT Short-Circuit 
Duration 
to GND 
. 1 minute 
to VCC. 
.. .. .. .... 
.. .. .. .. . 
.. .. Indefinite 


TH OUT Short-Circuit 
Duration 
to VEE 
" .. ". 
.. 
1 minute 


to VCC or GND 
Indefinite 


REFIN Short-Circuit 
Duration 


to VEE 
1 minute 


to VCC or GND 
Indefinite 


Continuous 
Power Dissipation 
(TA = + 70"C) 


Plastic DIP (derate 8.70mWrC above 
+70"C) 
696mW 


SO (derate 
11.76mWrC above 
+70'C) 
941mW 


SSOP (derate 8.00mWrC above 
+70"C) 
600mW 


Operating 
Temperature 
Ranges: 


MAX91_C __ 
O"C to +70"C 


MAX91_E __ 
-40"C to +8S'C 


Junction 
Temperature 
(Tj) 
-6S'C to +160'C 


Storage 
Temperature 
Range. 
. 
-6S'C to + 1S0'C 


Lead Temperature 
(soldering, 
10 sec) 
. 
. +300"C 


Note 1: 
Absolute 
maximum 
ratings 
apply 
to both packaged 
parts and dice, 
unless otherwise 
noted. 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 


operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Vcc 
= +sv, 
VEE = -sv, Voo = +SV, TA = +2S·C. unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


COMPARATOR 


Input Offset Voltage 
Vas 
VCM = OV 
(Note 2) 
1.0 
3.0 
mV 


Input Bias Current 
Is 
IIN+ or IIN- 
3 
6 
~A 


Input Offset Current 
10S 
VCM = OV 
100 
400 
nA 


Wideband 
Input Voltage 
Noise 
en 
300 
~V 


Input Common-Mode 
VCM 
(Note 3) 
-3 
3 
V 
Voltage 
Range 


Common-Mode 
CMRR 
-3V < VCM < 3V 
SO 
1S0 
~VN 
Rejection 
Ratio 


Power-Supply 
PSRR 
(Note 4) 
100 
2S0 
~VN 
Rejection 
Ratio 


MAX910 
VIN> 
2S0mV, 
24 
3.S 
Output 
High Voltage 
VOH 
ISOURCE = 1mA 
V 


MAX911 
VIN > 2S0mV, 
-0.96 
-0.81 
RL = son 
to -2V 


MAX910 
VIN > 2S0mV, 
03 
0.4 


Output 
Low Voltage 
VOL 
ISINK = 8mA 
V 


MAX911 
VIN > 2S0mV, 
-1.8S 
-1.6S 
RL = son 
to -2V 


CMP LATCH Input 
VLH 
1.4 
2.0 
V 
Voltage 
High 


CMP LATCH Input 
VLL 
0.8 
1.4 
V 
Voltage 
Low 


CMP LATCH Input 
ILH 
VLH = 3.0V 
1 
20 
~A 
Current 
High 


CMP LATCH Input 
ILL 
VLL = 0.3V 
1 
20 
~A 
Current 
Low 


High.Speed, 
Threshold.Programmable 


Voltage Comparators 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Vcc 
= +5V, VEE = -5V, VDD = +5V, TA = +25·C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input to Output 
MAX910 
(Notes 5,6) 
8 
10 


High Response 
Time 
tpd+ 
ns 
MAX911 
(Notes 6,7) 
4 
6 


Input to Output 
tpd- 
MAX910 
(Notes 5,6) 
8 
10 


Low Response 
Time 
ns 
MAX911 
(Notes 6,7) 
4 
6 


Latch Disable 
to Output 
tpd+(D) 
MAX910 
5 


High Delay 
ns 


MAX911 
1 


Latch Disable 
to Output 
tpd-(D) 
MAX910 
5 


Low Delay 
ns 


MAX911 
1 


Latch Setup Time 
ts 


MAX910 
20 
ns 
MAX911 
0.5 


Latch Hold Time 
th 
MAX910 
1.0 
ns 


MAX911 
0.5 


Latch-Disable 
tpw(D) 
MAX910 
5 


Pulse Width 
ns 


MAX911 
1 


VOLTAGE 
REFERENCE 


Reference 
Voltage 
Output 
VREF 
(Note 8) 
2.55 
2.56 
2.57 
V 


00-07 


TIL 
Input Voltage 
High 
VIH 
1.4 
2.0 
V 


TIL 
Input Voltage 
Low 
VIL 
0.8 
1.4 
V 


TIL 
Input Current 
High 
IIH 
VIH = 3.0V 
1 
20 
IJ.A 


TIL 
Input Current 
Low 
IlL 
VIL = 0.3V 
1 
20 
J.1A 


THRESHOLD 
VOLTAGE 
OUTPUT 


REFIN = 2.56V, 
+2.56 


TH OUT connected 
to RB 
to 


Threshold 
Voltage 
Range 
VTH 
-2.54 


V 


REFIN = 2.56V, 
+2.56 


TH OUT connected 
to RA 
to 
+0.01 


Threshold 
Resolution 
VTH(R) 


TH OUT connected 
to RB 
20 
mV 
TH OUT connected 
to RA 
10 


Upper 
Threshold 
Limit 
VTH+(E) 
(Note 9) 
±1 
±3 
mV 
Absolute 
Error 


Lower Threshold 
Limit 
VTH-(E) 
(Notes 
10, 11) 
±10 
±30 
mV 
Absolute 
Error 


Wideband 
Threshold 
Voltage 
VTH(en) 
800 
J.1V 
Noise 


High-Speed, 
Threshold-Programmable 
Voltage Comparators 


•• 
ELECTRICAL 
CHARACTERISTICS 
(continued) 


•• 
(VCC = +5V, VEE = -5V, VDD = +5V, TA = +25·C, 
unless otherwise 
noted.) 


~i 
~•• 


~i 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Threshold 
Voltage 
Differential 
VTH(DNL) 
(Notes 
10,12) 
±10 
mV 
Nonlinearity 


Threshold 
Trim Range 
VTH(TR) 
(Note 
13) 
±1oo 
mV 


Threshold 
Settling 
Time 
ts (VTH) 
To 1/2LSB 
(Note 14) 
50 
75 
ns 


POWER 
REQUIREMENTS 


Positive Analog 
Supply 
Current 
ICC 
(Note 4) 
22 
30 
mA 


Negative 
Analog 
Supply 
Current 
lEE 
(Note 4) 
16 
25 
mA 


Digital Supply 
Current 
IDD 
MAX910 
only; VDD = 5.5V 
2 
5 
mA 


Power Dissipation 
PO 
200 
320 
mW 


ELECTRICAL 
CHARACTERISTICS 


(VCC = +5V, VEE = -5V, VDD = +5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


COMPARATOR 


Input Offset Voltage 
VOS 
VCM = OV 
(Note 2) 
2.0 
5.0 
mV 


Input Bias Current 
IB 
IIN+ orllN- 
4 
8 
llA 


Input Offset Current 
10S 
VCM = OV 
150 
600 
nA 


Input Common-Mode 
VCM 
(Note 3) 
-3 
3 
V 
Voltage 
Range 


Common-Mode 
CMRR 
-3V < VCM < +3V 
75 
250 
llVN 
Rejection 
Ratio 


Power-Supply 
PSRR 
(Note 4) 
150 
400 
llVN 
Rejection 
Ratio 


MAX910, 
VIN > 250mV, ISOURCE= 1mA 
2.4 
35 


-40·C 
-1080 
-0.905 
Output 
High Voltage 
VOH 
MAX911, 
O·C 
V 


VIN > 250mV, 
-1.010 
-0.850 


RL = 50n 
to -2V 
+70'C 
-0.900 
-0.720 


+85·C 
-D.890 
-0.700 


MAX910, 
VIN > 250mV, ISINK = 8mA 
03 
0.4 


-40·C 
-1.895 
-1.680 
Output 
Low Voltage 
VOL 
MAX911 , 
O·C 
-1.870 
-1.660 
V 


VIN > 250mV, 
RL = 50n 
to -2V 
+70·C 
-1.830 
-1.620 


+85·C 
-1.825 
-1.615 


High-Speed, 
Threshold-Programmable 


Voltage Comparators 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Vee = +5V, VEE = -5V, VDD = +5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CMP Latch Input Voltage 
Hiah 
VLH 
1.4 
20 
V 


CMP Latch Input Voltaae 
Low 
VLL 
0.8 
1.4 
V 


CMP Latch Inout Current 
Hiah 
ILH 
VLH - 3.0V 
1 
20 
uA 


CMP Latch Inout Current 
Low 
ILL 
VLL - 0.3V 
1 
20 
uA 


Input to Output 
MAX910 
(Notes 5, 6) 
10 
15 
ns 
High Response 
Time 
tpd+ 


MAX911 
(Notes 6, 7) 
5 
8 


Input to Output 
MAX910 
(Notes 5, 6) 
10 
15 
tpd- 
ns 
Low Response 
Time 
MAX911 
(Notes 6,7) 
5 
8 


VOLTAGE 
REFERENCE 


Reference 
Voltaae 
Output 
I 
VREF(E) 
(Note 8) 
2.54 
2.56 
258 
I 
V 


Reference 
Voltaae 
Tempco 
I 
TC VREF 
02 
I mVrC 


00-07 


TIL 
Input Voltage 
Hiah 
VIH 
1.4 
2.0 
V 


TIL 
Input Voltaae 
Low 
VIL 
0.8 
1.4 
V 


TIL 
Input Current 
High 
IIH 
VIN - 3.0V 
1 
20 
!1A 


TIL 
Input Current 
Low 
IlL 
VIL - 0.3V 
1 
20 
uA 


THRESHOLD 
VOLTAGE 
OUTPUT 


Upper 
Threshold 
Limit 
VTH+(E) 
(Note 9) 
±5 
mV 
Absolute 
Error 


Lower Threshold 
Limit 
VTH-(E) 
(Notes 
10,11) 
I O'C to +70'C 
±30 
mV 
Absolute 
Error 
I -40'C 
to +85'C 
+40 


Threshold 
Limit 
TCVTH 
Positive 
threshold 
limit 
02 
mVrC 
Tempco 
(Note 
10) 
Negative 
threshold 
limit 
02 


Threshold 
Voltage 
VTH(DNL) 
(Notes 
10, 12) 
±15 
mV 
Differential 
Nonlinearity 


POWER 
REQUIREMENTS 


Positive Analog 
Supply 
Current 
Ice 
(Note 4) 
22 
30 
mA 


Neaative 
Analog 
Supply 
Current 
lEE 
(Note 4) 
16 
25 
mA 


Diaital Supply 
Current 
IDD 
MAX910 
only VDD = 5.5V 
2 
5 
mA 


Power Dissipation 
PO 
200 
320 
mW 


Note 2: 
Specifications 
are quoted 
with CMP OUT = + 1.4V (TIL 
threshold) 
for the MAX91 0 and Q OUT, Q OUT = -1.3V (ECL threshold) 


for the MAX911. 


Note 3: 
Inferred 
from the CMRR test. 


Note 4: 
Tested 
for +4.75V,,;; Vee,,;; +5.25V, 
and -5.5V,,;; VEE";; +4.75V 
with VDD = +5V. 
Note 5: 
Conditions 
for MAX91 0 switching 
specifications 
are 100mV step input with 5mV of overdrive. 
15pF of output 
load 
capacitance, 
and 2mA external 
pull-up 
load current. 


Note 6: 
Parameter 
is guaranteed 
by design. 


Note 7: 
Conditions 
for MAX911 
switching 
specifications 
are 1OOmV step input with 5mV of overdrive, 
and with both outputs 
terminated 
to -2V through 
500 
load resistors 
Note 8: 
VREF specified 
while supplying 
internal 
DAC current 
(i.e. REFOUT tied to REFIN). 
Note 9: 
Specified 
with 2.56V applied 
to REFIN. 
Specification 
denotes 
maximum 
VTH+ deviation 
from 2.56V. 
Note 10: Specified 
in a 5.10V FS system 
(i.e. with TH OUT terminated 
through 
internal 
6400 
span resistor, 
2.56V applied 
to REFIN, 


and with TH CTRL to GND). 


Note 11: VTH- limit quoted 
as a deviation 
from the nominal 
value of -2.54V with conditions 
specified 
in Note 10. 
Note 12: Tested 
for each major carry transition 
of the input digital 
code. 


Note 13: VTH(TR) specified 
for lower threshold 
voltage 
limit (i.e. with data-bits 
00-07 
at logic low). 
A ±50mV 
change 
at TH CTRL 
causes 
a ±100mV 
change 
in VTH -. 


Note 14: Guaranteed 
by design. 
Specifications 
are taken from measurements 
made with a high-speed 
test fixture, CLOAD = 2pF on 


TH OUT for both MAX to MIN and MIN to MAX threshold 
voltage 
transition 
and settling 
to within 
10mV (1/2LSB) 
of the final 


voltage. 
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MAX910 
tpd+ RESPONSE 


(5mV OVERDRIVE) 
MAX910 
tpd- RESPONSE 
(5mV OVERDRIVE) 


MAX911 
tpd+ RESPONSE 
MAX911 
tpd- RESPONSE 


(5mV OVERDRIVE) 
(5mV OVERDRIVE) 


GND 
50mVldiv 
IN 


IN 


GND 
50mVldiv 


o OUT 
OOUT 


500mVldiv 


OOUT 
OOUT 
SOOmVldiv 


lnS/div 
VTH= OV 
lnS/div 
VTH= OV 
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Typical Operating Characteristics 
(continued) E 
(TA = +25"C, 
unless otherwise 
noted.) 


MAX910100MHz 
MAX911100MHz 
t1 
COMPARATOR 
RESPONSE 
COMPARATOR 
RESPONSE 


IN 
•••• 


IN 
~ 
10mVldiv 
10mVldiv 


E 
DOUT 
500mVldiv 


TTLOUT 
t1 
2V1div 
DOUT 
500mV/div 
•••• 
•••• 


5nS/div 
5nS/div 


MAX910 
MAX911 


ts(VTH) + tpd+ Y5. OVERDRIVE 
ts(VTH) + tpd(Q)+ 
Y5. OVERDRIVE 


TTLIN 
TTL IN 
TO DAC 
TO DAC 


2V1div 
500mV/div 


+2.56V 
OVERDRIVE 


NOTE: 
CMP IN- CONNECTS TO GND AND TH OUT 
CONNECTS TO CMP IN.. 
THE DAC IS 
UPDATED, CAUSING TH OUT TO OVERDRIVE 
THE COMPARATOR INPUT. 


6 


-40 
-20 
0 
20 
40 
60 
80 
100 
TEMPERATURE eC) 


+2.56V 
20mV 
10mV 
OVERDRIVE OVERDRIVEOVERDRIVE 


NOTE: 
CMP IN- CONNECTS TO GND AND TH OUT 
CONNECTS TO CMP IN.. 
THE DAC IS 


UPOATED, CAUSING TH OUT TO OVERDRIVE 
THE COMPARATOR INPUT. 


MAX910 
RESPONSE 
TIME 


Y5. LOAD CAPACITANCE 
15 


13 
g 
~ 
11 


>=~ 
:z~ 
t3 
'" 


Vcc = +5V, Voo = +5V 
VEE= -5V, TA = +25'C 
LOAD = 2.43kn 
TO Voo 


5 
0 
20 
40 
60 
80 
100 
120 
LOAD CAPACITANCE (pF) 


3-63 
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100 


90 


BO 


70 


60 


SO 


40 


30 


20 


10 
o 
o 
O.2S 
O.S 
O.7S 
1 
1.2S 
lS 


INPUT-SIGNAL SLEW RATE(VIns) 


Vcc = +5V, VDD: +SV 
VEE= -SV, TA: +2S"C 


S.O 


4.S 
~ 
:E 
;:::: 
4.0 
~ 
'":z~ 
~ 
3S 


I I 
VCC= +SV, VDD: +SV 
t 
I 
VEE= -SV, TA: +2S"C 
LOAD: sOn TO -2V 
I--- -1+- 
I--- 
Tpd- 
•......... 


••...... 
r-, 


.......r-, 


10 


INPUT OVERDRIVE(mV) 


MAX911 
OUTPUT 
LOW VOLTAGE 
Y5. 


TEMPERATURE 


Vcc = +SV, VDD: +SV 
VEE: -SV 
LOAD: sOn TO -2V 


~ 
-1.65 
g 


-20 
0 
20 
40 
60 
80 
100 


TEMPERATUREeC) 


Vcc = +SV, VEE: -SV 
TA: +2S"C 
LOAD = son TO -2V 


\ --- 


3 
o 
0.2S 
os 
O.7S 
1 
1.2S 
lS 
17S 
2 


INPUT-SIGNAL SLEW RATE(Vlns) 


3.0 


> 
2.S 


.§.~ 
20 
<!> 
~ 
0> 
1.S 
tu 
tt 
0 
1.0 
.... 
;<'~ 
os 


Vcc = +SV, VDD: +SV 
VEE:-SV 


..••.•.•..• 


'- ""- 


""" 


....•.••.• 


I I 
Vcc : +SV, Voo: 
+SV 
I I 
VEE: -SV, TA: +2S"C 
- 
f-~ 
LOAD: 
2.43kn 
II lSpF 


- 
r- 
Ipd- 
r--.... 
-.........; ~ 


o 
-40 
-20 
0 
20 
40 
60 
BO 
100 


TEMPERATUREeC) 


MAX910 
OUTPUT 
LOW VOLTAGE 
Y5. 
TEMPERATURE 
0.40 


0.3S 


0.30 


0.2S 
~ 
0.20 
g 


01S 


0.10 


OOS 
Vcc: 
+SV, VDD: +SV 
VEE: -SV, ISINK: 8mA 
I 
I 
I 


10 


INPUT OVERDRIVE(mV) 


o 
-40 
-20 
0 
20 
40 
60 
80 
100 


TEMPERATUREeC) 


MAX911 
OUTPUT 
HIGH VOLTAGE 
Y5. 


TEMPERATURE 


~ 
-090 


is 
> 
-0.9S 


-1.0S 
-40 
-20 
0 
20 
40 
60 
80 
100 
TEMPERATUREeC) 


MAX910 
OUTPUT 
LOW VOLTAGE 
Y5. 


OUTPUT 
SINK CURRENT 


O.S 


0.4 


~ 
0.3 
g 


0.2 


0.1 


Vcc: 
+SV, VDD: +SV 


VEE: -SV, TA: +2S"C 


V / 


/ 


,/"" 
/ 


o 


o 
2 
4 
6 
8 
10 
12 


OUTPUTSINK CURRENT(mA) 
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80 


70 


60 


SO 


40 


30 


20 


10 


o 
-40 
-20 
0 
20 
40 
60 
80 
100 


TEMPERATURE eCl 


- 


:.--- 


VCC= +SV, VOO= +SV- 
VEE= -SV 
'-1 
I 
I 


INPUT 
BIAS CURRENT 
Y5. COMMON-MODE 
VOLTAGE 


4.0 


1: 
36 


>-- 
15 
3.2 
g;; 
::>u 
U"> 
"" 
2.8 
1D 
>-- 
5:>~ 
24 


Vcc = +SV, VOO= +SV 


"" 


VEE= -SV, TA = +2S"C 


""' 
"'- 


•.•.••..•.. 


.•........... 


20_3 
-2 
-1 
0 
1 
2 


COMMON-MODE 
VOLTAGE (V) 


4.0 


<' 
3S 
3 
>-- 
~ 
::> 
3.0 
u 
U"> 
"" 
1D 
>-- 
::> 
c.. 
2.S 
~ 


Vcc = +SV, Voo = +SV 
VEE=-SV 


"'- 


•.•.••..•.. 


i'-.. 


INPUT BIAS CURRENT 
Y5. 


DIFFERENTIAL 
INPUT VOLTAGE 


S.O 


o 
-6 
-4 
-2 
0 
2 
4 


DIFFERENTIAL INPUT VOLTAGE (V) 


'>.s 
-S 
cc 
~ 
-to 
>--~ 
::0 
'3 
-1S 
0:r: 
~ 
-20 
~ 
ffi 
-2S 
s: 
'3 


/" / 


./ / 


./ 


./ 


VCC= +SV, Voo = +SV - 
VEE=-SV 


I 
I 
I 


20 
-40 
-20 
0 
20 
40 
60 
80 
100 
TEMPERATURE eCl 


10 


'>.s 
cc 
~ 
-S 
~ 
'"~ 
-10 
0> 
>-- 
-1S 
::> 
~ 
-20 


VCC= +SV, Voo = +SV 
VEE=-SV 
L,...---•...•.. 


/ 
~ 


'" 


-3~40 
-20 
0 
20 
40 
60 
80 
100 


TEMPERATURE ee) 


-2S 
-40 
-20 
0 
20 
40 
60 
80 
100 


TEMPERATURE ec) 
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MAX910 
MAX911 
NAME 
FUNCTION 


1-4, 
1-4 
D4-D7, 
8-Bit DAC TIl 
logic Inputs 
21-24 
21-24 
DO-D3 


Comparator latch Input. A TIl 
logic low latches the com- 


5 
5 
CMP 
parator output. The com- 
LATCH 
parator remains transparent to 
input changes when driven 
high or left floatinQ. 


6 
6 
Vcc 
Analog Positive Supply. 
Connect to +5V analog supply. 


Analog Negative Supply. 
7 
7 
VEE 
Connect to -5V or -5.2V analog 
supply. 


8 
8 
REFIN 
Reference Input. Connect to 
REFOUTor External Reference. 
+2.56V Reference Output. 


9 
9 
REFOUT 
Connect to REFIN for 
VTH+= +2.56V. 


320n Span Resistor. Connect 
10 
10 
RA 
to TH OUT for 2.55V threshold 
ranQeand 10mVresolution. 


640n Span Resistor. Connect 


11 
11 
RB 
to TH OUT for 5.1V range with 
20mV resolution. 


Threshold Output Voltage. 
12 
12 
TH OUT 
Connect to span resistors RA 
or RB, and to either comparator 
input. 


13 
13 
CMPIN+ 
Comparator NoninvertinQInput 
14 
14 
CMP IN- 
Comparator Inverting Input 


Analog power supply ground; 
15,20 
15, 20 
GND 
separated from comparator's 
digital output ground 
(CMP GND). 


Reference Trim Input to the 
8-bit DAC. Connect to the 


TH 
wiper of a 10kn trimming poten- 
16 
16 
CTRl 
tiometer between 500kn stop 
resistors for lower threshold out- 
put voltage (VTH-)trimming 
(Figure 1). 


17 
CMP 
TIl 
Comparator Output 
OUT 


17 
QOUT 
ECl Comparator Output 


18 
18 
CMP 
Comparator Ground. Connect 
GND 
to diQitalQround. 


19 
Voo 
Positive Digital Supply. 
Connect to +5V diQitalsupply. 
- 
Complementary ECl 
19 
QOUT 
Comparator Output 


+SV 


Vcc 


SOOk 
.•••••AX •.••••• 


10k 
MAX910 


TH CTRL 


SOOk 


VEE 


Figure I. 
The lower limit of TH OUT is trimmed 
up to ±50mV, 
by 


connecting 
a IOka trim pot between 
500kn 
stop resistors 


across 
Vcc and 
VEEwith the trim pot wiper to TH CTRL. 


______ 
Detai'ed Description 


The MAX910 and MAX911 voltage 
comparators 
differ in 
logic compatibility. 
The MAX910 
has a TTl 
compatible 
output, 
while the MAX911 
output 
is fully differential 
and 


ECl 
compatible 
(Figures 
2 and 3). 
Both comparators 


have an 8-bit, multiplying-current 
DAC, internal 
+2.56V 


reference, 
and two span resistors. 


The Comparator 


The comparator 
input common-mode 
range is specified 


between ±3V to accommodate 
a wide range of threshold 
voltages, 
although 
either comparator 
input can be driven 


to the VCC or VEE power-supply 
rails without 
damage. 
A 


TTl 
compatible 
latch-enable 
function 
(CMP lATCH) 
is 


supplied 
on both the MAX91 0 and MAX911. 
The com- 


parator 
is transparent 
to changes 
at the input terminals 


as long as CMP LATCH is driven high or left floating. 
As 
soon as CMP LATCH is taken low, the comparator 
output 


latches. 
The output remains latched 
until CMP LATCH is 


again driven high or allowed 
to float. 


The MAX910 TTl 
comparator, 
with a propagation 
delay 


of 8ns and a fan-out 
of four, drives 
low-power 
Schottky 


TTl 
gates 
and 
15pF 
of parasitic 
board 
capacitance 


without significant 
speed degradation. 
The MAX911 has 


4ns propagation 
delay, and comparator 
output specifica- 


tions 
that 
are directly 
compatible 
with the 
MECl 
10k 
series. 
For best performance, 
terminate 
the differential 


ECl outputs of the MAX911 with 50n 
pull-down 
resistors 


to a -2V supply. 
Both the MAX910 and MAX911 respond 


to 100MHz signals. 
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DO 
D7 
E 


(lSB) 
Dl D2 D3 D4 DS D6 (MSB) 
CMP IN+ CMP IN- 
CMP lATCH 


21 22 
23 
24 
1 
2 
3 
4 
13 
14 


19 
VDD 
t1 


(DIGITAL, +SV) 


17 
CMP OUT 
•••• 


+ 
COMPARATOR 
18 
~ 
CMPGND 


lOUT 
VCC 
E 


+-- 
(ANALOG, +SV) 


16 
8-BIT 
TH CTRl 
CURRENT OUTPUT 
loUT 
..NIAXI..NI 
1S 
t1 


DAC 
+-- 
GNO 
MAX910 


20 
GND 
•••• 


DAC OUTPUT 
•••• 
SPAN RESISTORS 
+2.S6V 
VEEAND SUBSTRATE 


VOLTAGE REFERENCE 
(ANALOG, -SV) 


320n 
32Dn 


10 
11 
12 


REFOUT 
REFIN 
RA 
RB 
TH OUT 
- 


8-BIT 
CURRENT OUTPUT 


DAC 
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Threshold Out (TH OUT} 


The complementary 
outputs of the internal8-bit 
OAC sink 
a full-scale 
output 
current 
of 8mA, which 
translates 
to 
either 
a 2.56V or a 5.12V 
range, 
depending 
on which 


span resistor input (RA or RS) connects 
to TH OUT. The 
digital code divides 
the output current 
between 
the lOUT 
and lOUT OAC outputs 
(Figures 2 and 3). With the digital 


input 
code 
set to aliOs, 
TH OUT 
sinks 
the full-scale 


current (less 1LSS) from lOUT, and lOUT sinks no current. 
When the input code 
is set to all 1s, the reverse 
is true: 
REFIN sinks the full-scale 
output current from lOUT, and 


TH OUT 
sinks 
no current. 
Intermediate 
input 
codes 
divide 
the output 
current 
between 
the two OAC outputs 
accordingly. 


The OAC output current 
flowing 
through 
the OAC output 


span resistor RA or RS develops 
the voltage available 
on 
TH OUT. 
Span resistor choice 
determines 
the full-scale 


voltage 
range and resolution 
of TH OUT (Table 1). Note 


that the full-scale 
output current always flows into REFIN 
(Pin 8) regardless 
of the 
input 
code. 
This 
minimizes 
glitching 
on REFIN as the threshold 
voltage 
is updated. 


Updating 
the TIL 
input digital 
code 
00-07 
changes 
the 
voltage 
available 
on TH OUT. 


REFIN must be terminated 
in a suitable 
voltage 
source. 
Accomplish 
this by connecting 
REFIN to REFOUT, or to 
an external 
voltage 
reference. 
The voltage 
termination 


determines 
the upper end of the threshold 
range (VTH+). 
Table 
1 lists the 
range 
and 
resolution 
of TH OUT for 


different 
pin connections 
in Figure 4. 


Using an External Reference 


For applications 
requiring 
higher 
precision, 
connect 
an 


external 
reference 
to REFIN. 
The voltage 
applied 
at 
REFIN sets VTH- and 
VTH+. 
VTH- and 
VTH+ must 
not 


exceed 
the comparator 
common-mode 
input range, and 


must source 
at least 10mA. 


Choose 
the external 
reference 
and span resistors 
such 


that VTH- is at least 2V above VEE. VTH- is determined 
by 
REFIN, TH CTRL, and RSPAN (RA, RS): 


TO 
COMPARATOR 
INPUT 


TO 
COMPARATOR 
INPUT 


(a) 
.NIAXI.- 
(b) 


MAX910/MAX911 


TH OUT 
TH OUT 


TO 
TO 


RS 
COMPARATOR 
RS 
COMPARATOR 


INPUT 
INPUT 


RA 
RA 


REFIN 
REFIN 


EXTERNAL 
EXTERNAL 
REFERENCE 


(c) 
(d) 
REFERENCE 


Figure 4. 
Configuration 
for the TH OUT Voltage Ranges 
and 


Resolutions 
Listed in Table 
1 


[ 


255 
RSPAN 
] 
VTH- =VREFIN - 
[256 
x 320n] 
x [VREFIN -VTH CTRLl 


Where RSPAN = 320n 
when TH OUT is connected 
to RA; 


= 640n when TH OUT is connected 
to RS. 


For example, 
selecting 
RSPAN= 320n 
and delivering 
+3V 
to REFIN yields 
a OV to +3V threshold 
range. 
TH OUT 
connects 
to either comparator 
input. 


CONNECT 
REFIN 
SPAN 
VTH+(V) 
VTH-(V) 
RESOLUTION 
PIN 


TO: 
RESISTOR 
(Q) 
CONNECTION 


REFOUT(+2.56V) 
RA (320) 
+2.56 
0.01 
1LSB = 10mV 
Figure 4a 


REFOUT(+2.56V) 
RB (640) 
+256 
-254 
1LSB = 20mV 
Figure 4b 


VEXTREF 
RA (320) 
VEXTREF 
VEXTREFx (1/256) 
1LSB = VEXTREF/256 
Figure 4c 


VEXTREF 
RB (640) 
VEXTREF 
-VEXTREFx (254/256) 
1LSB = 2 x VEXTREF/256 
Figure 4d 
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COMP 
COMPARE 


LATCH 


INPUT ~ 
LATCH 
- 
-LATCH 
- 
1.9V 


lpw{D) 


DIFFERENTIAL 


INPUT 
VOLTAGE 
VIN 
- ,- 


_______ 
Definition of Terms 


Vos 
Input Offset Voltage: That voltage which must be 
applied between the two comparator input terminals 
to obtain TIl logic threshold (+ 1.4V) at the com- 
parator output forthe MAX910, or Eel logic threshold 
(-1.3V) at the comparator output for the MAX911. 


VIN 
Input Voltage Pulse Amplitude; usually set to 
1OOmV for comparator 
specifications. 


VOD 
Input Voltage Overdrive; usually 
set to 5mV 


and 
in opposite 
polarity 
to VIN for comparator 


specifications. 


tpd+ 
Input to Output High Delay: The propagation 
delay 
measured 
from the time the input signal 


crosses 
the 
input 
offset 
voltage 
to the 
logic 
threshold 
of an output low-to-high 
transition. 


tpd- 
Input to Output Low Delay: The propagation 
delay 
measured 
from the time the input signal 


crosses 
the 
input 
offset 
voltage 
to the 
logic 


threshold 
of an output 
high-to-Iow 
transition. 


tpd+(D) Latch Disable to Output High Delay: 
The 


propagation 
delay 
measured 
from 
the 
com- 


parator 
latch signal 
crossing 
the TIl threshold 


in a low-to-high 
transition, 
to the 
point 
of the 


output 
crossing 
the logic threshold 
in a low-to- 


high transition. 


tpd-(D) Latch Disable to Output Low Delay: 
The 


propagation 
delay 
measured 
from 
the 
com- 


parator 
latch signal 
crossing 
the TIl threshold 


in a low-to-high 
transition, 
to the 
point 
of the 


output 
crossing 
the logic threshold 
in a high-to- 


low transition. 


ts 
Setup Time: 
The time before 
the comparator 


latch 
signal's 
negative 
transition 
that 
an 
input 


must be present 
to be acquired 
and held at the 


output. 


th 
Hold Time: 
The 
time 
an 
input 
signal 
must 


remain 
unchanged 
after the negative 
transition 
of the comparator 
latch 
signal 
in order 
to be 


acquired 
and held at the output. 


tpw(D) Latch-Disable Pulse Width: The time the com- 


parator 
latch signal must remain high in order to 


acquire 
and hold an input signal change. 


ts(VTH)Threshold Settling Time: The time required 
for 


the threshold 
voltage 
to be changed 
from VTH- 
to VTH+ or from VTH+ to VTH- and settle to within 
±1/2lSB 
of VTH+ or VTH-. 
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____ 
Applications Information 


Board Layout 


A printed 
circuit 
board 
with 
a good, 
low inductance 


ground 
plane is mandatory. 
Connect 
analog GNO to the 


ground 
plane 
as close 
to the device 
as possible. 
The 


comparator 
ground 
(CMP GNO) must be connected 
to 


the digital ground 
plane or bus. Connect the two grounds 


together 
at the 
power 
supply. 
Place 
all decoupling 


capacitors 
(small 1OOnFceramic 
type are a good choice) 


as close 
as possible 
to the device 
power-supply 
pins. 


The power return side should be short and straight 
to the 


ground 
plane. 
Separate 
positive 
supplies 
for analog 


(VCC) and digital (VDD) are also recommended. 
Choose 


decoupling 
and 
terminating 
components 
with suitable 


bandwidths. 


To avoid 
unwanted 
parasitic 
feedback, 
keep the com- 


parator 
input and output 
trace 
and lead lengths 
short. 


Separate 
the digital 
lines driving 
00-07 
as far from the 


analog lines as possible. 
Solder the device directly to the 


printed 
circuit 
board 
rather than using a socket 
to mini- 


mize stray capacitance. 


Minimize 
parasitic 
capacitance 
between 
TH OUT, RA, 
RB, and 
CMP 
IN by 
keeping 
the 
connections 
short. 


Parasitic 
capacitance 
on this node degrades 
threshold 


voltage 
settling 
time. 


___ 
Typical Application Circuits 


Adding Hysteresis 
to the MAX910 


For applications 
requiring 
fast response 
to slow-moving 


inputs, add hysteresis 
by connecting 
a resistor from CMP 


OUT to TH OUT (Figure 6). 


. 
VOH-VOL 
HysteresIs = 
R 
1 +----.BL 


RSPAN 


where 
VOH = Comparator 
Output Threshold 
High 


VOL = Comparator 
Output Threshold 
Low 


RFB = Feedback 
Resistor 


RSPAN = 3200 
with TH OUT connected 
to RA 


= 6400 
with TH OUT connected 
to RB 


.A;'lAXI.A;'I 


MAX910 


HYSTERESIS = VOH - 
VOl 
1+~ 
RsPAN 


VOH = 
COMPARATOR OUTPUTTHRESHOlO 
HIGH 
VOL = 
COMPARATOR OUTPUTTHRESHOlO 
lOW 
RfB. 
FEEDBACK RESISTOR 


RsPAN= 
RA OR RS SPAN RESISTOR 


Window Comparator 
Circuit 


Two MAX911 s detect the upper and lower threshold 
limits 


of a logic 
output 
from a device 
under 
test (OUT) in an 


automatic 
test equipment 
application 
(Figure 
7). 
One 


device 
is programmed 
for the upper threshold 
limit while 


the other detects 
the lower limit. 
Either the MAX910 
or 


MAX911 
may be used in this application 
depending 
on 


the propagation 
delay and output 
compatibility 
require- 


ments. 


High-Speed, Threshold-Programmable 


Voltage Comparators 


8 
REFIN """AX''''''' 


MAX911 


OUT VOL 
8 
REFIN """AX''''''' 


MAX911 


High-Speed, 
Threshold-Programmable 
Voltage Comparators 


07 (MSB) 
4 


CMP LATCH 
5 


VCC 


REFIN 
8 


REFoUT 


03 


02 


01 


DO (LSB) 


GNo 


(joUT 


CMPGNo 


aoUT 


TH CTRL 


GNo 


CMPIN- 


CMPINt 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX911CAG 
O'C to +70'C 
24 SSOP" 


MAX911CNG 
O'C to +70'C 
24 Narrow 
Plastic 
DIP 


MAX911CWG 
O'Cto 
+70'C 
24 Wide SO 


MAX911C/D 
O'C to +70'C 
Dice' 


MAX911EAG 
-40'C 
to +85'C 
24 SSOP" 


MAX911ENG 
-40'C 
to +85'C 
24 Narrow 
Plastic 
DIP 


MAX911EWG 
-40'C 
to +85'C 
24 Wide SO 


• Dice are specified 
at TA = +2S'C, 
DC parameters 
only. 
"Contact 
factory 
for pricing 
and availability 


CMp 
D7 


LATCH 
Vcc 


VEE 


REFIN 


REFOUT 


DO 
1 
GND 


Voo (0 OUT) 


0.097" 


CMP 
GND 
(2.463 
mm) 


~:: 
j 


( ) ARE FOR MAX911 
ONLY. 
SUBSTRATE 
CONNECTED 
TO VEE 


___________ 
Power-Supp.y Circuits 


Power-Supply Circuits, Tables and Product Trees 
4-1 


MAX625 
Quad, High-Side Power Switch with Internal FETsand Capacitors 
4-7 


MAX639 
High-Efficiency, +SV/Adjustable, Step-Down Switching Regulator 
4-15 


MAX661 
+12V,25mAFIoohfvlerroryProgrcmni'lgSuppIyChargePllnp 
.4-23* 


MAX665 
100mA, +8V, CMOS, Switched-Capacitor Voltage Converter (1.5V to 8Y) 
4-25 


MAX712 
Battery Fast-Charge Controller (NiMH) 
4-33* 


MAX713 
3-0utput Battery Fast-Charge Controller (NiCad) 
4-33* 
MAX714 
6-0utput Battery-Powered Supply Systems 
4-35 


MAX715 
7-0utput Battery-Powered Supply Systems 
4-35 


MAX716 
Battery-Powered Supply Systems 
4-35 


MAX717 
+3.3VPah1topCor1lJuterandRashMemoryPcM'er-SupplyRegulator 
4-47* 


MAX718 
+3.3V/5V Palmtop Computer and Flash Memory Power-Supply Regulator 
4-47* 


MAX719 
+3.0VJSVPah1topCcrrp.JtermRashMarory Po.Yer-Supply 
Regulator 
4-47* 
MAX720 
+3.3V15VPalmtop Computer and Flash Memory Power-Supply Regulator 
4-47* 


MAX721 
+3.0V/5V Palmtop Computer and Flash Memory Power-Supply Regulator 
4-47* 


MAX722 
+3.3V15VPalmtop Computer and LCD Power-Supply Regulator 
4-49 


MAX722EVKff Palmtop Computer and LCD Driver Power-Supply Evaluation Kit 
4-49 
MAX723 
+3.0V Palmtop Computer and LCD Power-Supply Regulator 
4-49 


MAX724 
5A, Adj, Step-Down, PWM,Switch-Mode DC-DC Converter 
4-65* 


MAX726 
2A, Adj, Step-Down, PWM,Switch-Mode DC-DC Converter 
4-67* 


MAX727 
2A, +5V, Step-Down, PWMSwitch-Mode DC-DC Converter 
4-67* 


MAX728 
2A, +3.3V, Step-Down, PWM, Switch-Mode DC-DC Converter 
4-67* 


MAX729 
2A, +3.0V, Step-Down, PWM,Switch-Mode DC-DC Converter 
4-67*_ 
MAX730 
+5V, Step-Down, Current-Mode PWM DC-DC Converter 
4-69 
MAX731 
+5V, Step-Up, Current-Mode, PWM DC-DC Converter 
4-81 


MAX732 
+12V,Slep-Up,Current-ModePNMDC-DCCorMlrter 
4-93 
MAX733 
+15V,Slep-Up,Current-ModePNMDC-DCCorMlrter 
4-93 


MAX734 
+12V, 120mA Flash Memory Programming Supply 
4-105* 
MAX735 
-5V, Invertering Current-Mode PWM DC-DC Converter 
4-109 


MAX736 
-12V,lnverthg,Current-ModePNMDC-DCCa1verter 
4-117 
MAX737 
-15V,lnverthg,Current-ModePNMDC-DCCa1verter 
4-117 
MAX738 
+5V Step-Down Current-Mode PWM DC·DC Converter 
4-69 
MAX739 
-5VInvertingCurrent-ModePWMDC-DCConverter 
4-117 


MAX741 
Pin-Programmed,Low-Vo~age,Current-ModePWMController 
.4-129* 


MAX750 
Adjustable, Step-Down, Current-Mode PWM DC-DC Converter 
4-69 
MAX751 
+5V, Step-Up, Current-Mode, PWM DC-DC Converter 
4-137* 


MAX752 
Adjustable, Step-Up, Current-Mode PWM DC-DC Converter 
4-81 


MAX755 
AdjJstable,NegatWe-QJlput, 
1nverli1g, Current-ModePNMDC-DCCorrverter 
4-139* 


MAX758 
Adjustable, Step-Down, Current-Mode PWMDC-DC Converter 
4-69 
MAX759 
AdjJstable,Inverting,Current-ModeFWMDC-DCConverter 
4-117 


MAX1044 
9Nitched-CapcdorVoItageC<nJerterwilhFreq.JerlCyBoost 
4-141* 
ICL7660 
CMOS Switched-Capacitor Voltage Converter (Up to 10V Input) 
4-141* 


DC/DC Converters 


Input 
Quiescent 
Voltage 
Output 
Supply 
Current 
Prlcet 
Part 
Range 
Voltage 
(mA) 
Package 
Temp. 
l000-up 
Number 
(V) 
IV) 
max (typ) 
Options' 
Range·· 
Features 
($) 


STEp·UP SWITCHING 
REGULATORS 
(PFM) 


MAX4193 
2.4 to 16.5 
VOUT> VIN 
0.200 (0.090) 
DIP,SO 
C,E,M 
Improved 
RC4193 2nd source 
1.74 


MAX630 
2.0 to 16.5 
VOUT>VIN 
0.125 (0.070) 
DIP,SO 
C,E,M 
Improved 
RC4193 2nd source 
2.88 


MAX631 
1.5 to 5.6 
+5,adj. 
0.4 (0.135) 
DIP,SO 
C,E,M 
Only 2 external components 
2.56 


MAX632 
1.5 to 12.6 
+12, adj. 
2.0 (0.5) 
DIP,SO 
C,E,M 
Only 2 external components 
2.56 


MAX633 
1.5 to 15.6 
+15, adj. 
2.5 (0.75) 
DIP,SO 
C,E,M 
Only 2 external components 
2.56 


MAX654 
1.15 t05.6 
+5 
(0.08) 
DIP,SO 
C,E,M 
Optimized 
for 1 cell, evaluation 
kit available 
3.35 


MAX655 
1.5 to 5.6 
+5 
(0.04) 
DIP,SO 
C,E,M 
Optimized 
for 2 cells, evaluation 
kit available 
3.35 


MAX656 
1.15 to 5.6 
+5 
(0.08) 
DIP,SO 
C,E,M 
Drives external MOSFET 
3.35 


MAX657 
1.15 t03.6 
+3 
(0.08) 
DIP,SO 
C,E,M 
Optimized 
for 1 cell, evaluation 
kit available 
3.35 


MAX658 
1.5 to 5.6 
+5 
(0.04) 
DIP,SO 
C,E,M 
Drives external MOSFET 
3.35 


STEP·UP SWITCHING 
REGULATORS 
(PWM) 


MAX731 
1.8 to 5.25 
+5 
4(2) 
DIP,SO 
C,E,M 
Evaluation 
kit available 
3.20 


MAX732 
4.0 to 9.0 
+12 
3 (1.7) 
DIP,SO 
C,E,M 
Internal power MOSFET, ±4'10output 
voltage tolerance, 
2.66 
flash EEPROM programming 
power supply, 
200mA output 
MAX733 
4.0 to 12.0 
+15 
3 (1.7) 
DIP,SO 
C,E,M 
1ZSmA output, 
evaluation 
kit available 
3.23 


MAX734 
4.0 to 9.3 
+12 
3 (1.7) 
D1P,SO 
C,E,M 
Flash-memory 
programer 
evaluation 
kit available 
tt 
! 
MAX751 
1.8 to 5.25 
+5 
4(2) 
DIP,SO 
C,E,M 
Evaluation 
kit available 
tt 


MAX752 
1.8 to 16 
Adj. 
3 (1.7) 
DIP,SO 
C,E,M 
Evaluation 
kit available 
3.20 


STEP-DOWN 
SWITCHING 
REGULATORS 
(PFM) 


MAX638 
2.6 to 16.5 
+5,adj. 
0.6(0.135) 
DIP,SO 
C,E,M 
Only 3 external components 
2.56 


MAX639 
4.0 to 11.0 
+5,adj. 
0.2 (0.1) 
DIP,SO 
C,E,M 
>90% efficiencies over wide range (2mA to 225mA), 
2.96 
DIP and SO evaluation 
kit available 


STEp·DOWN 
SWITCHING 
REGULATORS 
(PWM) 


MAX730 
5.2 to 11.0 
+5 
3 (1.7) 
DIP,SO 
C,E,M 
300mA output, 
90% efficiencies, 
3.09 


DIP and SO evaluation 
kit available 


MAX738 
6.0 to 16.0 
+5 
3(1.7) 
DIP,SO 
C,E,M 
750mA output, 
>85% efficiencies, 
3.23 


DIP and SO evaluation 
kit available 
MAX750 
4.0 to 11.0 
Adj. 
3 (1.7) 
DIP,SO 
C,E,M 
1.5W output, 
90% efficiencies, 
2.92 
DIP and SO evaluation 
kit available 


MAX758 
4.0 to 16 
Adj. 
3 (1.7) 
DIP,SO 
C,E,M 
3.75W output, 
>85% efficiencies, 
3.23 


DIP and SO evaluation 
kit available 


-<:ontinued 
on the next page- 


• 
Package Options: 
DIP = Dual-In-Line 
Package, SO = Small Outline, TO-99 = Can 
•• Temperature 
Ranges: 
C = O'C to +70'C, I = -ZS'C to +SS'C, E = -40'C to +85'C, M = -55'C to +lZS'C 


t 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 


tt Future product - contact factory for pricing and availability. 
I 


DC/DC Converters (continued) 


Input 
Quiescent 
Voltage 
Output 
Supply 
Current 
Pricet 
Part 
Range 
Voltage 
(mA) 
Package 
Temp. 
1ODD-up 
Number 
(V) 
(V) 
max (typ) 
Options' 
Range** 
Features 
($) 


INVERTING 
SWITCHING 
REGULATORS 
(PFM) 


MAX4391 
4.0 to 16.5 
up to -20 
0.25 (0.09) 
DIP,SO 
C.E,M 
Improved 
RC4391 2nd source 
2.09 


MAX634 
2.3 to 16.5 
up to -20 
0.15 (0.07) 
DIP,SO 
C,E,M 
Improved 
RC4391 2nd source 
2.61 


MAX635 
2.3 to 16.5 
-5, adj. 
0.15 (0.08) 
DIP,SO 
C,E,M 
Only 3 external components 
2.56 


MAX636 
2.3 to 16.5 
-12,adj. 
0.15 (0.08) 
DIP,SO 
C,E,M 
Only 3 external components 
2.56 


MAX637 
2.3 to 16.5 
-15, adj. 
10 (0.5) 
DIP,SO 
C,E,M 
Only 3 external components 
2.56 


MAX650 
-54 to -42 
+5 
0.15 (0.07) 
DIP,SO 
C,E,M 
Telecom applications 
3.50 


INVERTING 
SWITCHING 
REGULATORS 
(PWM) 


MAX735 
4.0 to 6.2 
-5 
3(1.6) 
DIP,SO 
C,E,M 
200mA output, 85% efficiencies 
2.55 


MAX736 
4.0 to 8.6 
-12 
6 (4.2) 
DIP,SO 
C,E,M 
>80% efficiencies, evaluation 
kit available 
2.95 


MAX737 
4.0 to 5.5 
-15 
9 (6.1) 
DIP,SO 
C,E,M 
>80% efficiencies, evaluation 
kit available 
2.95 
MAX739 
4.0 to 16.0 
-5 
1.7 (3.5) 
DIP,SO 
C,E,M 
300mA output, 80% efficiencies 
2.95 
MAX755 
4.0 to 11.0 
Adj. 
3(1.6) 
DIP,SO 
C,E,M 
>80% efficiencies 
tt 
MAX759 
4.0 to 11.0 
Adj. 
22 (4.0) 
DIP,SO 
C,E,M 
1.5W output, 
LCD driver, 80% efficiencies 
2.95 


DUAL OUTPUT 
SWITCHING 
REGULATORS 
(PWM) 


MAX742 
4.2 to 10.0 
±12,±15 
15(8) 
DIP,SO 
C,E,M 
Drives external MOSFETs, 30W output 
3.91 


MAX743 
4.2 to 6.0 
±12,±15 
30 (20) 
DIP,SO 
C,E,M 
Internal power MOSFETs, evaluation 
kit and 
4.49 
~ 
N 
production 
kit available, 3W output 
SWITCHING 
REGULATOR 
CONTROLLERS 


MAX641 
1.5 to 5.6 
+S,adj. 
04 (0.135) 
DIP,SO 
C,E.M 
PFM controller 
2.87 


MAX642 
1.5 to 12.6 
+12,adj. 
20(0.5) 
DIP,SO 
C,E,M 
PFM controller 
2.87 
MAX643 
1.5 to 15.6 
+15, adj. 
2.5 (0.75) 
DIP,SO 
C,E,M 
PFM controller 
2.87 


MAX741U 
2.7 to 15.5 
+5, +12, +15, adj. 
3.5 (1.6) 
DIP, SO, SSOP 
C,E,M 
PWM step-up controller 
tt 


MAX741D 
2.7 to 15.5 
+5 adj. 
4.0 (2.8) 
DIP, SO, SSOP 
C,E,M 
PWM step-down 
controller 
tt 
MAX741N 
2.7 to 15.5 
-5, -12, -15, adj. 
4.0 (2.2) 
DIP, SO, SSOP 
C,E,M 
PWM inverting 
controller 
tt 
CHARGE-PUMP 
CONVERTERS-UNREGULATED 
MAX660 
1.5 to 5.5 
+2 x VIN, -VIN 
1.0 (0.6) 
DIP,SO 
C, E,M 
louT~ 100mA 
295 


MAX680 
2.0 to 6.0 
± 2 x V1N 
2 (1) 
DIP,SO 
C,E,M 
1.62 


MAX681 
2.0 to 6.0 
±2 x VIN 
2 (1) 
DIP 
C,E 
No external components 
(internal caps) 
464 


ICL7660 
1.5 to 10 
-VIN 
0.175 (0.110) 
DIP, SO, TO-99 
C,E,M 
1.09 


ICL7662 
4.5 to 20 
-VIN 
0.6(0.25) 
DIP, SO, TO-99 
C 
1.76 


Si7661 
4.5 to 20 
-v IN 
2 (0.3) 
DIP, SO, TO-99 
C 
1.94 


CHARGE-PUMP 
CONVERTERS-REGULATED 
HIGH-SIDE 
POWER SUPPLIES 


MAX622 
3.5 to 16.5 
VIN + llV 
0.5 (0.07) 
DIP,SO 
C,E 
3 external capacitors 
1.99 


MAX623 
3.5 to 16.5 
VIN + llV 
0.5(0.07) 
DIP 
C,E 
No external capacitors 
3.95 
. Package Options: 
DIP ~ Dual-In-Line 
Package, SO ~ Small Outline, TO-99 ~ Can 
......Temperature Ranges: 
C ~ OT to +70'C, I ~ -25T 
to +85'C, E ~ -40'C to +85'C, M ~ -55'C to +125'C 
t 
Prices provided 
are for design guidance and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 
tt Future product - contact factory for pricing and availability. 


_______________ 
Power Management 
SUppliE 


Part 
Number 


MAX714 


Input Voltage 
Range 
V 


5.05 to 11 


Linear Output 
Voltage 
V 
2 at +SV lines 


DC-DC Output 
Voltages 
V 


-5 to -26 adj. LCD 
driver 


-5 adj., 
-5 to -26 adj., 
+12 or +ISadj. 


-5 adj., 
-5 to -26 adj., 
+12 or +15 adj. 


Quiescent Supply 
Current Temp. 
Max Ran e mA 


0.2 per C, E, M 
enabled output 
line 


0.2 per C, E, M, 
enabled output 
line 


0.2 per C, E, M, 
enabled output 
line 


Features 
Independent 
shutdowns, 
backup-battery 
switchover, 


RESET and power-fail 
warning 
outputs 


PriCE 
1000 
$ 
6.80 


Independent 
shutdowns, 
backup-battery 
switchover, 


RESET and power-fail 
warning 
outputs, 
evaluation 
kit available 


MOSFET Drivel 


Output 
Resistance 


Part 
(0) 
Number 
max t 


MAX4426/7/8 
10 (4) 
30 


f' 
MAX626/7/8 
15 (4) 
30 
w 


TSC426/7/8 
15 (10) 
30 


ICL7667 
12 (8) 
30 


Prlcet 


Supply Voltage 
1000-l 


V 
Features 
$ 


4.5 to 18 
DIP,SO 
C,E,M 
Dual inverting/dual 
1.61 
non inverting/ 
dual combo 
4.5 to 18 
DlP,SO 
C,E,M 
Dual inverting/dual 
1.57 


noninverting/duai 
combo 


4.5 to 18 
DlP,SO 
C,E,M 
Dual inverting/ 
dual 
1.06 
noninverting/dual 
combo 


4.5 to 15 
DIP, SO, TO-99 
C,E,M 
Dual inverting 
1.12 


High-Side MOSFET Drivel 


Part 
Number 


MAX620 


MAX621 


MAX62S 


Supply 
Voltage 
Range 
V 
4.5 to 16.5 


4.5 to 16.5 


4.5 to 16.5 


Quiescent 
Supply Current 
(mA) 
max t 
0.5 (0.070) 


0.5 (0070) 


0.5 (0.070) 


Package 
o tions' 


DIP,SO 


DIP 


DIP 


Temp. 
Ran e" 


C,E 


C,E 


C,E 


Features 


Quad high-side 
driver, Vcc+ 11V output 


Quad high-side 
driver, Vcc+ 11V output, 
internal capacitors 


Quad high-side 
switch, 4 internal O.ill 
N-channel 
MOSFETs, internal capacitors 


Pricet 
1000-up 
$ 


3.91 


5.82 


9.98 


• 
Package Options: 
DIP = Dual-In-Line 
Package, SO = Small Outline, TO-99 = Can 


•• Temperature 
Ranges: 
C = OT to +70'C, I = -2ST to +8S'C, E = -40'C to +8S'C, M = -SS'C to +12S'C 


t 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange 
rates. 


tt Future product- 
contact factory for pricing and availability. 


Linear Voltage Regulators 


Input 
Quiescent 
Voltage 
Output 
Current 
Output- 
Prlcet 
Part 
Range 
Voltage 
Dropout 
(1LA) 
Voltage 
Package 
Temp. 
l000-up 
Number 
(V) 
(V) 
Voltage 
max (typ) 
Accuracy 
Shutdown 
Options· 
Range** 
($) 


AC·DC REGULATORS 


MAX610 
1I0/240VAC 
Fixed +5 or +1.3 to +9 
N/A 
150(70) 
±4% 
No 
DIP 
C 
2.58 


MAX611 
1I0/240VAC 
Fixed +5 
N/A 
150(70) 
±4% 
No 
DIP 
C 
2.58 


MAX612 
1I0/220VAC 
Fixed +5 or +1.3 to +9 
N/A 
150 (70) 
±4% 
No 
DIP 
C 
2.58 


DC LINEAR REGULATORS 
- POSITIVE 
OUTPUT 


MAX663 
+2 to +16.5 
Fixed +5 or +1.3 to +15 
0.9Vat40mA 
12 (6) 
±S% 
Yes 
DIP, SO 
C,E,M 
1.91 


MAX666 
+2 to +16.5 
Fixed +5 or +1.3 to +15 
0.9Vat40mA 
12 (6) 
±SOlo 
Yes 
DIP,SO 
C,E,M 
2.22 


MAX667 
+3.5 to +16.5 
Fixed +5 or +1.3 to +15 
0.15V at200mA 
25(12) 
±SOlo 
Yes 
DIP,SO 
C,E,M 
2.35 


ICL7663 
+1.5 to +16 
+1.3 to +15 
0.9Vat40mA 
10 (4) 
±8% 
Yes 
DIP, SO, TO-99 
C,E,I,M 
1.81 


ICL7663A 
+2.0 to +16 
+1.3 to +15 
0.9Vat40mA 
10 (4) 
±1% 
Yes 
DIP, SO, TO-99 
C,E,I,M 
1.99 


ICL7663B 
+1.5 to +16 
+1.3 to +15 
0.9Vat40mA 
10(4) 
±S% 
Yes 
DIP, SO, TO-99 
C,E,I,M 
1.81 


DC LINEAR REGULATORS· 
NEGATIVE 
OUTPUT 


MAX664 
-2 to -16.5 
Fixed -5 or -1.3 to -15 
0.5Vat40mA 
12 (6) 
±S% 
Yes 
DIP, SO 
C,E,M 
2.33 


ICL7664 
-2to-16 
-1.3to-15 
0.4Vat30mA 
10 (3.5) 
±S% 
Yes 
DIP, SO, TO-99 
C,I,M 
2.21 


ICL7664A 
-2 to -16 
-1.3to-15 
0.4Vat30mA 
10 (3.5) 
±1% 
Yes 
DIP, SO, TO-99 
C,I,M 
2.65 


•.. 
J,. 


• 
Package Options: 
DIP = Dual-In-Line 
Package, SO = Small Outline, TQ-99 = Can 
•• Temperature 
Ranges: 
C = O'C to +70-C, 1= -25'C to +85'C, E = -40'C to +85'C, M = -55'C to +125'C 


t 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange 
rates. 


tt 
Future product 
- contact factory for pricing and availability. 


POSITIVE 
LOW-POWER 


MAX663 
(+SV or adj., low lQ) 


MAX666 
(+SV or adj.,low lQ, 
low-ball. detect) 


MAX667 
(+SV or adj., low lQ,low 
dropout) 


lU7663 
(adj., 4OmA) 


* MAX731 aVIN to +SVOUT) 
* MAX733(+JSV) 
* MAX751 aVIN to +SVOUT) 


MAX4193 (adj.) 


MAX630 
(adj.) 


MAX631 
(+SV or adp 
NEGATIVE 
LOW-POWER 
MAX632 
(+J2Voradp 


MAX633 
(+1SVoradp 
MAX664 
(-SVor adj., low lQ) 


lCL7664 (adj.,4OmA) 


MAX735 (-SV) 


MAX736 (-J2V) 


MAX737 (-J5V) 


MAX4391 (adj.) 


MAX634 
(adj.) 


MAX635 
(-5V) 


SWITCHING 
REGULATORS 


* MAX732 (+J2V, flash prog.) 
* MAX734 (+J2V, flash prog.) 
* MAX752 (adj.) 


MAX654 (JVIN to +SVOUT) 


MAX655 aVIN to +SVOUT) 


MAX656 (JV1N to +SVOUT, 
controller) 


MAX657 (JVIN to +3VOUT) 


MAX658 (2VlN TO +SVOUT, 
controller) 


* MAX739 (-5V) 
* MAX755 (adj.) 
* MAX759 (adj.) 


MAX636 
(-J2V) 


MAX637 
(-J5V) 


MAX6SO (-48V1N to +SVOUT) 


* MAX730 (+SV) 
* MAX738 (+5V) 
* MAX7SO (adj.) 
* MAX758 (adj.) 


MAX638 
(+5Vor adp 
* MAX639 
(+5V or adj., > 
90% efficiency) 


MAX660 (J00mA output) 


lU7660 
(VlN up to JOV) 


lU7662 
(VlN up to 20V) 


5i7661 
(VlN up to 20V) 


MAX680 


MAX681 
(internal caps) 


* MAX622 
* MAX623 
(internal caps) 


* MAX741U (step-up) 
* MAX741D (step-<!own) 
* MAX741N (inverter) 


MAX641 


MAX643 


POWER MANAGEMENT 


I 
I 
I 
T 
1 
MULTI-FUNCTION 
LOW-SIDE 
HIGH-SIDE 
OFFLINE 
SUPPLIES 
MOSFET 
MOSFET 
AC-DC 
DRIVERS 
DRIVERS 
CONVERTERS 


* MAX626 
* MAX620 (quad) 
MAX610 
(4Q, dual inverting) 
* MAX621 
(l20V /240V line to 6V 
50R6CELL 
* MAX627 
(quad, internal caps) 
MAX611 
PORTABLES 
(4Q, dual noninverting) 
* MAX625 
(l20V /240V line to 1.3 


* MAX714 
(2 at +5V, -26V LCD, IJ.Psuper.) 


* MAX715 
(3 at +5V, -26V LCD, -5V, +12V, IJ.Psuper.) 


* MAX716 
(4 at +5V, -26V LCD, -5V, +12V, ~p super.) 


* MAX628 
(quad, built-in MOSFETs, 
MAX6U 
(4Q, dual mixed 
internal caps) 
(l20V /240V line to 1.3V to 9V) 


*MAX4426 
(4Q, dual inverting) 


* MAX4427 
(4Q, dual noninverting) 


* MAX4428 
(4Q, dual mixed) 


* TSC426 
(lOQ, dual inverting) 


* TSC427 
(lOQ, dual noninverting) 


* TSC428 
(lOQ, dual mixed) 


* ICL7667 
(8Q, dual inverting) 


~~I~JXI~~I 


Quad, High-Side Power Switch 


_______ 
General Description 


The 
MAX625 
is a quad, 
high-side 
power 
switch 
that 


switches 
1A steady-state 
loads with 4A peak currents. 


The switch 
resistances 
are typically 
0.20, 
and internal 


clamp 
diodes 
allow 
inductive 
load 
switching. 
The 


MAX625 is completely 
self-contained 
in a 24-pin, 0.300" 
narrow 
plastic 
DIP package 
and 
requires 
no external 


components 
for normal 
operation. 


The +4.5V to +16.5V input 
supply 
range 
and a typical 


quiescent 
current 
of only 70IJA make the MAX625 
ideal 


for a wide range of line- and battery-powered 
switching 


and control 
applications 
that require 
high efficiency 
and 


small size. 


An internal 
quad 
latch 
accepts 
four 
TTLICMOS 
logic 


signals 
that 
control 
the 
four 
switches. 
The 
MAX625 


eliminates 
expensive 
logic 
MOSFETs 
in +5V-only 
and 


other 
low-voltage 
switching 
circuits. 
It also 
replaces 


costly, 
bulky, less efficient 
P-channel 
MOSFETs 
or PNP 


transistors. 
__________ 
Applications 


Portable 
Computer 
Battery-Load 
Management 


High-Side 
Power, N-Channel 
MOSFET Switching 


Low-Side 
Switching 
from 
Low Supply 
Voltages 


Solid-State 
Relay 


Quad-Latching 
Level Translators 


H-Bridge 
Motor 
Drivers 


Stepper 
Motor 
Drivers 


_________ 
Pin Configuration 


• 
0.20 Max Switch Resistance 


• 
+4.5V to +16.5V Operating 
Supply Voltage Range 


• 
Output Voltage Regulated to Vcc + 11V (Typ) 
Available at V+ 


• 
70IJA Quiescent 
Current (Typ) 


• 
Quad Latched TTL/CMOS 
Inputs 


• 
Power-Ready 
Output 


• 
Undervoltage 
Lockout 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX625CNG 
O°C to +70°C 
24 Narrow 
Plastic 
DIP 


MAX625ENG 
-40°C 
to +85°C 
24 Narrow 
Plastic 
DIP 


GND 
10 


PR 
9"::" 
POWER READY 


MAX625 


POWER MANAGEMENT CIRCUIT 
ILLUSTRATING SEVERAL LOAD POSSIBILITIES 


Quad, High-Side Power Switch 


ABSOLUTE 
MAXIMUM 
RATINGS 


Vcc 
••••••••••••......•.••.••.•.••.••.••• 
17V 
V+ to GND 
.•..••..•••••••••••••••..•.•..•. 
30V 
IN1-IN4, 
CE 
•••.••.•.•..•. 
(GND 
- 0.3V) to (V+ + 0.3V) 
Power 
Ready 
(PR) Output 
•.• 
(GND 
- 0.3V) to (Vcc 
+ 0.3V) 
V+ Output 
Current 
• . . • • • . . • . • • . • • . • . • . • . • . •• 
25mA 
Drain-to-Source 
Breakdown 
Voltage 
••.•.••••.•.•. 
60V 
Continuous 
Drain 
to Source 
Current 
Single 
MOSFET 
•..••••••.•••.•••.•..•.•..•. 
5A 
All four 
MOSFETs 
••..•.•..••••••••...•.••. 
1.2A 


Continuous 
Total Power 
Dissipation 
to +70°C 
••••••••••..••••.••••••.•.... 
1067mW 
derateabove+70°C 
.•.••.••.••..••.•• 
13.33mW/oC 
Operating 
Temperature 
Ranges: 
MAX625CNG 
.•••••.•.••••.••.•.•.• 
O°C to +70°C 
MAX625ENG 
..•..•.•.••.••..••.•. 
-40°C 
to +85°C 
Storage 
Temperature 
Range 
••.••.••••• 
-65°C 
to +160°C 
Lead Temperature 
(soldering, 
10 see) 
•..••.••••• 
+300°C 


Stresses 
beyond 
those 
listed 
under 
':Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device at these or any other conditions 
beyond 
those indicated 
in the operational 
sections of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Vcc 
= +5V. TA = TMIN to TMAX unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply 
Voltage 
(Note 
1) 
Vcc 
4.5 
16.5 
V 


TA=+25°C 
150 
200 
Vcc 
= 4.5V to 16.5V (High-side) 


TA = +25°C 
140 
200 


Internal 
MOSFET 
ON Resistance 
ROS(ON) 
Vcc 
= 4.5V to 8V (Low-side) 
mO 
(Note 2) 
TA = TMIN to TMAX 
260 
Vcc 
= 4.5V to 16.5V (High-side) 


TA = TMIN to TMAX 
260 
Vcc 
= 4.5V to 8V (Low-side) 


Off Leakage 
Current 
IOS(OFF) 
VOS = 55V 
0.05 
1.0 
pA 


lOUT = O. VCC = +4.5V 
14.5 
15.5 
17.5 


'OUT = 0, VCC = 16.5V 
26.5 
27.5 
29.5 
High-Side 
Voltage 
(Note 3) 
V+ 
V 


'OUT = 250pA. Vcc 
= 5V 
15 
16 
18 


lOUT = 500pA. Vcc 
= 16.5V 
26.5 
27.5 
29.5 


Power-Ready 
Threshold 
PRT 
'OUT = 0 (Note 4) 
12 
13.5 
14.5 
V 


Power-Ready 
Output 
High 
PROH 
'SOURCE = 100pA 
3.8 
4.7 
5 
V 


Power-Ready 
Output 
Low 
PROL 
ISINK = 1mA 
0.1 
0.4 
V 


Switching 
Frequency 
fa 
lOUT = O. TA = +25°C 
70 
kHz 


I Vcc 
= 16.5V 
50 
350 
Quiescent 
Supply 
Current 
IQ 
TA = +25°C, 
lOUT = 0 I Vcc 
= 5V 
pA 
70 
500 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Vcc = +5V, TA = TMIN to TMAX unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Logic Inputs 


Input 
Threshold 
Low 
VTL 
0.8 
V 


Input 
Threshold 
High 
VTH 
2.4 
V 


Input 
Bias Current 
16 
OV<VIN<5V 
-100 
+100 
nA 


Chip 
Enable 
Threshold 
Low 
CELO 
0.8 
V 


Chip 
Enable 
Threshold 
High 
CEHI 
2.4 
V 


Minimum 
CE Pulse 
Duration 
tCE 
100 
50 
ns 


Pull-Down 
Current 
ICE 
10 
JiA 


Data Hold Time 
tOH 
-10 
+10 
ns 


Data Set-Up 
Time 
tsu 
50 
100 
ns 


Data Delay Time 
too 
VCE = OV 
150 
ns 


Note 1: To avoid 
exceeding 
the maximum 
VGS rating 
of the internal 
N-channel 
MOSFET 
switches, 
VCC must 
not exceed 
+8V in 


low-side 
switching 
applications. 


Note 2: A "low-side" 
switch 
connects 
between 
the load and ground. 


A "high-side" 
switch 
connects 
between 
the voltage 
source 
and load. 
Note 3: The High-Side 
Voltage 
(V+) is measured 
with 
respect 
to ground. 


Note 4: 
Power 
Ready Threshold 
is the voltage 
measured 
with 
respect 
to ground 
at V+ when 
PR switches 
high 
(PR HIGH 
= VCC). 


Typical Operating Characteristics 
~ 


V+ YS. louT 
Vee = +5V 


INTERNAL MOSFET DRAiN TO 


SOURCE RESISTANCE 


YS. JUNCTION TEMPERMURE 


V+ YS.IoUT 
Vee = +12V 


9: 05 
w 
<.> 
Z 
~ 
0.4 


ffj 
a: 
~ 
0.3 
a: 
:::>o 
~ 02 
>-z 


~ 
0.1 
~ 
eno 
0 


:::;: 
-60 
-20 
20 
60 
100 
140 
180 


TEMPERATURE (oG) 


Vee ~ .5V 
TA'ooG 
ALL INPUTS = 0 


1\ 


1\ 
\ 
\ 
\ 


\ 


1\ 
\ 
\ 


Vee = +12V 
TA = O°C 
ALL INPUTS = 0 


ID = 1A 
Ves = 11V 


I 


~V 


•••••.•• 1..- 


~ 
15 
> 


~ 
21 


~ 
20 


19 


18 


17 


16 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


lOUT (mA) 


12 


o 
0.20.4 
0.60.8 
1 1.2 1.4 1.6 1.8 2.0 


lOUT (mA) 
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MAXIMUM 
SWITCHING RATE 
vs. Vee SYNCHRONOUSLY 
ORIVING All 
FOUR INPUTS 


275 


N 250 
:x: 
~ 
225 
!;;( 
200 
cr 
~175 


~ 
150 


';: 
125 
en 
::;; 
100 
:::> 
::;; 
75 


~ 
50 


25 
4 


- 
r-- 


/ 
/ 


/ 
/ 
TA = +25°C 
ALL MOSFET SOURCES 
/ 
LOADED WITH 1kO 


/ 
TO GND.,V+ UNLOADED 


6 
10 
12 
14 
16 
18 


Vcc(V) 


MAXIMUM 
SWITCHING RATE vs. 
ADDITIONAL V+ LOAD CURRENT (loUTl 
VCC = +SV 


MAXIMUM 
SWITCHING RATE vs. 


ADDITIONAL V+ LOAD CURRENT (IOUTl 


VCC = +12V 


60 


~ 
50 
!;ii 
cr 
<.oJ 
40 
z:I: 
<..> 
I- 
';: 
30 
en 
::;; 
:::> 
::;; 
20 
~ 
::;; 


" 


Vcc = +12V 


"- 


TA=+25°C 
ALL FOUR INPUTS 


"'- 
DRIVEN WITH a TO +5V 
SQUAREWAVE 
" 
"- "'- 


"" 


Vcc = +5V 
~ 


TA=+25°C 


-ALL 
FOUR INPUTS DRIVEN 


'WITH 
a TO +5V SQUAREWAVE 
, 


......, 


r--- 
"'"" 


£ 225 


!;ii 200 
cr 
~ 
175 


:I: 
~ 
150 


~ 
125 


::;; 
~ 
100 


~ 
75 


10 
50 
a 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
a 


lOUT (mA) 


TA = +25°C 
ALL INPUTS = a 


1/ 
/ 
/ 


./ 
/' 


~ 
075 
c.. 
0: 
,; 
050 


11 
13 
15 
17 


Vcc (V) 


QUIESCENTSUPPlY CURRENT 
vs. TEMPERATURE 
QUIESCENTSUPPlY CURRENT 


vs. Vee 


ALL INPUTS = a 


11 


ALL DRIVERS OUTPUTS UNLOADED 
TA = +25°C 


120 
;; 
3110 
I- 
i'5100 
cra: 
G 
90 


~ 
80 
c.. 


~ 
70 
I- 
i'5 
60 
~5 
50 
o 


_ 
1.2 
~ 
;::: 1.0 
z 
u.Ja:!3 08 
<.> 
::. 
c.. 
0.6 
c.. 
:::> 
en 
I- 
0.4 
i'5 
<.> 
t3 
0.2 
::;o 


ALL INPUTS = a 


Vcc= +5V 
\ 
'" 


...•..•.. 


" " 
Vcc=+16.5V ~ -- 
- - 
40 


-75 
-50 
-25 
a 
25 
50 
75 
100 
125 


TEMPERATURE (OC) 


11 
13 
15 
17 


Vcc(V) 


10 


.§. 
~ 
1.0 
t=za 
Zcr 
:::> 
I- 


1.4 


~ 
1.2 
~ 
t= 
1.0 
w 
enza 
0.8 
c..~ 
cr 
:x: 
0.6 
<..> 
I- 
';: 
0.4 
en 


lOUT a 
TA 
+25°C 
ALL INPUTS 
a 
\ 
I 
\ 


-- 


..•••... 
.1 
I 
I 
r-.....TOff 
TA = +25°C 
.....•.••.• 
LOAD: 1kn 


r-...... 


•....•.•.. 


I-- 


1\ 
TON 
'\,.. 


I 


NOTE: MEASURED FROM 
THE DRIVER INPUT EDGE 
TO THE POINT WHERE THE 
SWITCH IS FULLY ON OR OFF 


10 


Vcc (V) 


8 
10 
12 
14 
16 
18 


Vcc (V) 
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PIN 
NAME 
FUNCTION 


1 
S4 
MOSFET Source 4. 


2 
04 
MOSFET Drain 4. 


3 
S3 
MOSFET Source 3. 


4 
03 
MOSFET Drain 3. 


5 
IC 
Internal Connection. Make no connection 
to this pin. 


6 
IN3 
TTLICMOS Compatible Input to Switch 3. 
Connect to GND if unused. 


7 
IN4 
TTLICMOS Compatible Input to Switch 4. 
Connect to GND if unused. 


8 
CE 
Chip Enable. Logic high inhibits inpu~ata. 
Logic low transfers data to switches. CE 
pulse must be at least lOOns.Connect to 
GND for direct data transfer. 


9 
PR 
Power-Ready Output is a logic high equal 
to Vcc when V+ ~ Vcc + 8.5V. 


10 
GND 
Ground. 


11 
IC 
Internal Connection. Make no connection 
to this pin. 


12 
IC 
Internal Connection. Make no connection 
to this pin. 


_______ 
Detailed Description 


Figure 
1 shows the MAX625 functional 
block diagram. 
A 


regulated 
multistage 
charge pump supplies four MOSFET 


drivers with VCC + 11V for driving 
the internal 
MOSFETs 


(Figure 
2). Logic inputs to the four drivers are stored in a 


quad 
latch. 
Data 
is latched 
by pulling 
CE 
high. 
An 


undervoltage 
lockout 
prevents 
the internal 
MOSFETs 


from 
turning 
on 
until 
V+ reaches 
the 
Power 
Ready 


Threshold 
(PRT) 
voltage 
(VCC 
+ 8.5V) 
and 
VCC 
is 


greater 
than +3V. 


The Dual·Charge 
Pump 


A 
high-side 
voltage 
of 
approximately 
VCC 
+ 11V is 


generated 
by a multistage 
charge 
pump 
(Figure 
2). 


Although 
the 
charge 
pump 
is capable 
of multiplying 


VCC by up to four times, the output 
is regulated 
to VCC + 


11V by an internal 
feedback 
circuit. 
The charge 
pump 


typically 
operates 
at 70kHz, 
but 
regulates 
by pulse- 


skipping. 
When V+ exceeds 
VCC + 11V,the charge 
pump 


shuts off. As V+ falls below VCC + 11V,the charge 
pump 


turns on. 


PIN 
NAME 
FUNCTION 


13 
IC 
Internal Connection. Make no connection 
to this pin. 


14 
IC 
Internal Connection. Make no connection 
to this pin. 


15 
Vcc 
Supply Voltage. Connect to positive supply. 


16 
V+ 
High-side voltage out. Typically equal to 
Vcc + l1V. 


17 
IC 
Internal Connection. Make no connection 
to this pin. 


18 
INl 
TTLICMOS Compatible input to switch 1. 
Connect to GND if unused. 


19 
IN2 
TTLICMOS Compatible input to switch 2. 
Connect to GND if unused. 


20 
IC 
Internal Connection. Make no connection 
to this pin. 


21 
02 
MOSFET Drain 2. 


22 
S2 
MOSFET Source 2. 


23 
01 
MOSFET Drain 1. 


24 
Sl 
MOSFET Source 1. 


~D1 


~Sl 


~D2 


~S2 


~D3 


~S3 


~D4 


~S4 


C3I 


C1 
C2 


Figure 
1. MAX625 
Functional 
Diagram 


Quad, High-Side Power Switch 


S8 


S7 


C3 
VINT 
C2 


S6 


S4 


S3 


C1 
S2 


RC OSCILLATOR 
• 
CONTROL LOG!C 


IIOSFET Drillers 


Four 
MOSFET 
drivers 
level 
shift 
TTUCMOS 
input 
signals, 
without 
an 
inversion, 
to 
levels 
that 
switch 
between ground and VCC + 11V.These outputs drive the 
internal 
N-channel 
power MOSFETs in either high-side 
or low-sideswitching 
applications 
(a bridge arrangement 
would 
contain 
two 
high-side 
and 
two 
low-side 
N- 
channel 
MOSFET switches). 


InternalllOSFETs 


Each internal 
MOSFET 
will handle 
4A current 
peaks. 


When all four MOSFETs are on, the steady-state 
IDS(ON) 


is limited to 1A due to power dissipation 
limitations. 


A body diode 
connects 
from source-to-drain 
on each 
MOSFET, making 
them 
suitable 
for driving 
inductive 


loads. However, the body diode prohibits 
applications 


where two different 
voltages 
are being switched 
to the 
same load. For example, if one MOSFET drain connects 
to a +12V supply, 
the other to a +5V supply, 
and both 


sources 
connect 
to the 
same 
load: 
when 
the 
+12V 


MOSFET turns on, the body diode in the +5V MOSFET 
forward 
biases, shorting 
the two supplies together. 


Data Input Latch 


Driver outputs 
are buffered 
from data inputs by a quad 


latch. When CE is pulled 
low, the latch is transpar~ 


and data transfers 
directly 
to driver outputs. 
When CE 


goes high, the latch enters hold mode, and new input 
data is ignored. 
InQ!!! data must be valid 100ns before 


the rising edgeJ2i CE and held 10ns (max over temp). 
The minimum 
CE pulse width 
is 100ns (figure 
3). If 


latched operation 
is not required, 
connect 
CE to GND. 


tCE 


- '""=1<- 
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Undervoltage Latch Inhibit 


If VCC falls 
below 
+3V due to power 
failure, 
or while 


powering 
down, 
or V+ falls below Vcc 
+ 8.5V, the quad 


latch immediately 
resets, forcing 
the driver outputs 
low. 
The quad latch remains 
reset until Vcc 
rises above +3V 


and V+ exceeds 
VCC + 8.5V. This prevents 
the latch from 


being corrupted 
with errorneous 
data during 
a momen- 


tary power 
failure. 


Undervoltage Detector 


The MAX625 
contains 
an undervoltage 
detector 
which 


forces 
all driver 
outputs 
low when the high-side 
voltage 


(V+) is less than the Power Ready Threshold 
(PRT = Vcc 


+ 8.5V) or when VCC is less than +3V. This ensures 
that 


the internal 
N-channel 
MOSFETs 
have sufficient 
gate 


drive to operate 
without 
dissipating 
excess 
power. 
On 


power 
up, the quad latch remains 
reset until the charge 


pump 
boosts 
the high-side 
voltage 
to the PRT. As soon 


as V+ reaches the PRT,the undervoltage 
lockout 
disables, 


the quad latch 
is enabled, 
and Power 
Ready (PR) goes 


high. The undervoltage 
lockout 
feature 
also forces 
the 


driver outputs 
low if V+ is pulled below the PRT, e.g. ifthe 


driver 
output(s) 
or V+ are overloaded. 


Power Ready Output 


The 
MAX625's 
PR output 
is a direct 
extension 
of the 


undervoltage 
lockout 
feature. 
When 
power 
is applied, 
PR remains 
a logic 
low until 
V+ reaches 
the PRT and 


Vcc 
exceeds 
+3V. The PR output 
high level is Vcc. 


Sourcing Current from V+ 


A small amount 
of current 
may be sourced 
from V+ (pin 


16) to drive 
other 
circuitry. 
The amount 
of current 
is a 


function 
of VCC, and 
the 
driver 
switching 
rate. 
(See 


"Maximum 
Switching 
Rate 
vs. 
Additional 
V+ 
Load 


Current", 
Typical 
Operating 
Characteristics). 


The 
MAX625 
V+ output 
is not 
internally 
short-circuit 


protected. 
In applications 
where 
V+ is susceptible 
to 


short 
circuit, 
external 
output 
short-circuit 
protection 


must be provided. 
To accomplish 
this, connect 
a resistor 


between 
V+ and the load to limit the V+ current 
to less 


than 
25mA. 
The 
resistor 
value 
is determined 
by the 


following 
formula: 


Vcc 
RCL2':-- 
25mA 


_____ 
A~U~~nmro~a~n 


Data Input D'ansition Time 


The MAX625 is microprocessor-compatible 
and easy to 


interface. 
However, 
the 
driver 
input 
voltage 
must 
not 


remain 
between 
VIL and VIH for 
more 
than 
500ns. 
In 


clocked 
databus 
systems, 
this 
is most 
easily 
accom- 


plished 
by setti.!.l9..the 
data 
on the 
driver 
input 
lines 


before clocking 
CE low. However, 
most CMOS and TTL 


gates easily meet the 500ns transition 
speed requirement. 


Connect 
unused 
inputs 
to ground. 


Maximum Driver SWitching Rate 


The maximum 
driver 
switching 
rate is the rate at which 


loading 
causes V+ to fall to the PRT (VCC + 8.5V) and the 


MOSFETs 
turn 
off. 
It is a function 
of the 
maximum 


charge-pump 
output 
current 
available 
to the drivers 
at a 


given supply 
voltage. 
For example, 
with VCC = +5V and 


no external 
load 
on V+, the maximum 
switching 
rate 


while 
driving 
all four 
inputs 
is 52kHz. 
(See "Maximum 


Switching 
Rate vs. VCC", Typical Operating 
Character- 


istics). 


TYpical Application 
Circuits 


For typical 
application 
circuits, 
see the 
MAX620/621 


datasheet. 
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High-Efficiency, 
+SV Adjustable 


Step-Down Switching 
Regulator 


_______ 
Genera. Description 


The MAX639 high-efficiency 
step-down 
switching 


regulator converts battery voltages between +5.5V and 
+11.5V to +5V, and supplies 100mA of output current 
over the entire input voltage range. 
10~ 
quiescent 


current, greater than 90% efficiency, and 0.5V dropout 
(0.12V dropout at 25mA output current) extend battery 
life in portable applications. 
Additional features in- 
clude a logic-level shutdown control and low-battery 
detection circuitry. 


The MAX639 requires only four external components: 
a small low-cost inductor, a diode, an input bypass 
capacitor, and an output filter capacitor. 
No compen- 


sation components are needed. 
Voltages other than 


+5V can be generated by adding two resistors. 


The MAX639 is pin compatible with the MAX638, ex- 
cept for the addition of the SHUTDOWN input, and is 
available in 8-pin DIP and SO packages. 


__________ 
App.ications 


High-Efficiency DC-DC Step Down Regulation 


Linear Voltage Regulator Replacement 


+9V to +5V Conversion 


Battery-Life Extension 


Portable Instruments 


V+ 
VOUT 
.JMAXI.NI 


MAX639 


8 
SHDN 
LX 
+5V±4% 
AT100mAi 
100~F 


" An input bypass capacitor must be less than lcm from the V+ pin (pin 6). If the 


main oypass capacitor is too distant, tnen a high-trequency 0.1~F ceramic capacitor 
must be placed within 1cm ollhe V+ pin. 


/vl/JXI/Vl 
.,I•...• /J )( I.,I..... 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


• 
High Efficiency 
94% at lOUT = 2SmA 
91% at lOUT = 100mA 


• 
Ultra Low 20~A (Max) Quiescent 
Current 


• 
Output Currents 
Up to 22SmA 


• 
Preset +SV or Adjustable 
Output Voltage 


• 
Only 4 External 
Components 


• 
TTUCMOS 
Compatible 
Shutdown 
Control 


• 
Low-Battery 
Detector 


• 
SOOmV (Typ) Dropout 
Voltage 
(100mA 
Load) 


• 
S-Pin SO and Plastic DIP Packages 


PART 
TEMP_ RANGE 
PIN-PACKAGE 


MAX639CPA 
O"C to +70"C 
8 Plastic 
DIP 


MAX639CSA 
O"C to +70"C 
8S0 


MAX639C/D 
O"C to +70"C 
Dice" 


MAX639EPA 
-40"C to +85"C 
8 Plastic 
DIP 


MAX639ESA 
-40"C to +85"C 
8S0 


MAX639MJA 
-55"C to + 125"C 
8 CERDIP 


High-Efficiency, 
+SV Adjustable 
Step-Down 
Switching 
Regulator 


ABSOLUTE 
MAXIMUM 
RATINGS 


v+ . 
LX 
. 
LBI, LBO, VFB, SHDN, VOUT 
LX Output 
Current 
. 
LBO Output 
Current 
. 
Continuous 
Power Dissipation 
Plastic 
DIP (derate 9.09mWrC above 
+70"C) 
SO (derate 5.88mWrC above 
+70"C) 
CERDIP (derate 
8.oomWrC 
above 
+70"C) 


12V 
(V+ - 12V) to (V+ + 0.3V) 


-0.3V to (V+ + 0.3V) 
1A 


10mA 


Operating 
Temperature 
Ranges: 


MAX639C_ 
_ 
O"C to + 70"C 
MAX639E __ 
-40"C to +85"C 
MAX639MJA 
-55"C to + 125"C 
Storage 
Temperature 
Range 
-65"C to + 160"C 


Lead Temperature 
(soldering, 
10 see) 
+300"C 


727mW 
471mW 
640mW 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 9V, ILOAD = OmA TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply 
Voltage 
4.0 
11.5 
V 


Supply 
Current 
SRDl'J = V+, No load 
10 
20 
llA 


VOUT (Note 1) 
V+ = 6.0V to 11.5V, OmA < lOUT < 100mA 
4.80 
5.00 
5.20 
V 


Dropout 
Voltage 
lOUT = 100mA, L = 1OO11H 
05 
V 


Efficiency 
lOUT = 1oomA, L = 1OO11H 
91 
% 


lOUT = 25mA, 
L = 47011H 
94 


tON 
V+ = 9V, VOUT = 5V 
11.0 
12.5 
14.0 
llS 
V+ = 6V, VOUT = 3V 
14.2 
16.7 
19.2 


tOFF 
V+ = 9V, VOUT = 5V 
8.5 
10.0 
11.5 
llS 
V+ = 6V, VOUT = 3V 
14.2 
16.7 
19.2 


LX Peak Current 
600 
mA 


LX Switch 
fON 
V+ = 9V, TA = +25"C 
0.8 
1.5 
n 
V+ = 6V 
2.5 


LX Switch 
Leakage 
V+ = 12V, VLX = OV,TA = +25"C 
0.003 
1.0 
llA 


V+ = 12V, VLX = OV 
30 


VFB IBIAS 
VFB = 2V 
4 
15 
nA 


VFB Dual Mode Trip Point 
50 
mV 


VFB Threshold 
MAX639C 
1.26 
1.28 
1.30 
V 
MAX639E, 
M 
1.24 
1.28 
1.32 


LBIIBIAS 
VLBI = 2V 
2 
10 
nA 


LBI Threshold 
MAX639C 
1.26 
1.28 
1.30 
V 
MAX639E, 
M 
1.24 
1.28 
1.32 


LBO Sink Current 
VLBO = O.4V 
080 
2.50 
mA 


LBO Leakage 
Current 
VLBO = 12V 
0.001 
0.1 
IlA 


LBO Delay 
50mV Overdrive 
25 
llS 
SRDI'J Threshold 
0.80 
1.15 
2.00 
V 


SRlJN PUll-Up Current 
VSHDN = OV 
0.10 
0.20 
0.40 
llA 


High-Efficiency, 
+SV Adjustable 
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Typical Operating Characteristics 
E 


EFFICIENCY 
EFFICIENCY 
EFFICIENCY 
= 


V5. INPUT VOLTAGE 
V5. OUTPUT 
CURRENT 
V5. OUTPUT 
CURRENT 


100 
100 
95 
~ 
TA=+25'C 
L = 100~H 
CD 
VOUT= 5V 
95 
90 


98 
V+ = 9V 


90 
85 


~ 
96 
~ 
~ 
80 
>- 
>- 
85 
>- 
'-' 
'-' 
'-' 
as 
as 
as 
75 
u 
94 
U 
80 
U 
~ 
~ 
tt 


70 


75 
65 
92 


~o~;~~~mA 
70 
TA=+25'C 
60 
VOUT= +5V 


90 
65 
55 
5 
8 
10 
11 
0.01 
01 
1 
10 
100 
0.01 
0.1 
1 
10 
100 
1000 


V+(V) 
OUTPUTCURRENT(mAl 
OUTPUTCURRENT(mA) 


250 


225 


200 
l 
175 


~ 
150 


=> 
125 
'-' 
~ 
100 


~ 
75 
o 
50 


25 


05 


I 


,.,.... I 


./ 
L = l00\,H 


/ 
I 


I 


L=220~H 
I 
I / 
L =330~H 


Ir 
I 
'/ 
L - 470uH 
TA= +25"C 
r 
I 
VOUT= 5V 


OUTPUT 
RIPPLE 
V5. INPUT VOLTAGE 


150 


TA=+25'C 
> 
125 
VOUT= 5V 
.s- 
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~ 
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~ 
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PIN 
NAME 
FUNCTION 


Sense pin for fixed +5V output 
operation. 
Internally 
connected 
to an on-chip 
voltage 


1 
VOUT 
divider. 
VOUT also connects 
to the variable 
duty cycle 
on demand 
oscillator, 
and so 
must be connected 
to the regulator 
output 
even if the output 
is adjusted 
externally. 


Low-Battery 
Output. 
An open drain N-channel 
2 
LBO 
MOSFET sinks current when the voltage at 
LBI drops 
below 
+ 1.28V 


3 
LBI 
Low-Battery 
Input. 
When the voltage 
on LBI 
drops 
below 
+ 1.28V, LBO sinks current. 


4 
GND 
Ground 


Drain of a PMOS power switch 
that has its 


5 
LX 
source 
connected 
to V+. 
LX drives 
the 
external 
inductor 
which 
provides 
current 
to 
the load. 


6 
V+ 
Positive Supply 
Voltage 
Input. 
Should 
not 
exceed 
11.5V 


Dual-Mode 
Feedback 
pin. 
When VFB is 


7 
VFB 
grounded, 
the internal 
voltage 
divider 
sets 
the output 
to +5V 
For adjustable 
operation, 


connect 
VFB to an external 
voltage 
divider. 


Shutdown 
input - 
active low. 
When pulled 
below O.8V, the LX power switch 
stays off, 


8 
SRlJf'J 
shutting 
down the regulator. 
When the shut- 
down 
in~abcve 
2V, the regulator 
stays 
on. 
Tie 
to V+ if shutdown 
mode 
is not 
used. 


________ 
Getting Started 


Designing 
power supplies 
with the MAX639 is easy. The 
few required 
external 
components 
are readily 
available 
off-the-shelf. 
The most general 
application 
uses the fol- 
lowing components: 


Capacitors: 
The values of the input and output filter 
capacitors 
are not critical. 
As a start, they 
can be electrolytics 
in the range of 1001!F. 
Low-ESR capacitors 
are preferable. 


Diode: 
The diode should 
be the popular 
1N5817 
Schottky 
or equivalent. 


Inductor: 
Choose 
a 100J.l.Hinductor 
with an incre- 
mental saturation 
current 
rating of at least 
600mA. 
This inductor 
will provide 
the 
highest output 
current. 
To optimize 
the 
selection 
of the inductor 
to obtain the 
highest 
efficiencies 
and smallest 
size, refer 
to the Inductor 
Selection 
section 
under 
Application 
Information. 


The following 
sections 
provide 
more 
detailed 
descrip- 
tions of the MAX639 
and how to select 
its components. 


These sections 
are intended 
to assist you in fine-tuning 
your designs, 
and to explain the operation 
of the MAX639 
in more detail. 
______ 
Detailed Description 


Figure 1 shows a simplified 
step-down 
DC-DC converter. 


When the switch 
is closed, 
a voltage 
equal to V+ minus 


VOUT is applied 
to the inductor. 
The current through 
the 
inductor 
ramps up, storing energy 
in the inductor's 
mag- 
netic field. This same current 
also flows 
into the output 
filter capacitor 
and 
load. 
When 
the switch 
opens, 
the 
current continues 
to flow through the inductor 
in the same 
direction, 
but since the switch 
is now open, 
the current 
must flow through 
the diode. 
When the switch 
is open, 
the 
inductor 
alone 
supplies 
current 
to the 
load. 
This 
current 
decays 
to 
zero 
as the 
energy 
stored 
in the 
inductor's 
magnetic 
field is transferred 
to the output filter 
capacitor 
and the load.r 
+ 
+ 


v+ 
- 
-1 
-=- 
-=- 
-=- 


Figure 
1. Simplified 
Step-Down 
Converter 


Figure 2 shows what happens 
to the ideal circuit of Figure 
1 if the switch turns on with a 66% duty cycle 
and VIN = 
3/2 VOUT. The inductor 
current 
rises more slowly than it 
falls since the magnitude 
of the voltage 
applied 
during 
tON is less than that applied 
during tOFF. Varying the duty 
cycle 
and switching 
frequency 
keeps 
the peak current 
constant 
as input voltage 
varies. 
The MAX639 
controls 
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Figure 3. 
MAX639 
Block Diagram 


the 
switch 
(tON and 
tOFF) according 
to the following 
formula: 


Equation 
1. 
(V+ - VOUT) x tON = 5011SV 


Equation 
2. 
VOUT x tOFF = 5011SV 


Equation 
3. 
IPEAK = 50rsV 


If we ignore the voltage 
drop across the diode 
(D1) and 
the resistive 
losses in the switch and inductor, the above 
formulation 
ensures 
constant 
peak 
currents 
across 
all 
input voltages 
for a given 
inductor 
value. 
The variable 
duty 
cycle 
also 
ensures 
that 
the 
current 
through 
the 
inductor 
discharges 
to zero at the end of each pulse. 


Figure 3 shows the MAX639 block diagram 
and a typical 
connection 
in which 
+9V is converted 
to +5V 
When the 
output 
drops 
below 
+5V, the error comparator 
switches 
high. 
This 
starts 
the 
internal 
oscillator 
(1511S start-up 
time) and connects 
it to the gate of the LX output driver 
LX turns on and off according 
to tON and tOFF, charging 
and discharging 
the inductor 
and supplying 
current 
to 
the output as described 
above. 
When the output reaches 
+5V, the comparator 
switches 
low, LX turns off, and the 
oscillator 
shuts down to save power. 


Fixed or Adjustable Output 


For operation 
at the preset 
+5V output 
voltage, 
VFB is 
connected 
to GND and no external resistors are required. 


For other output 
voltages, 
an external 
voltage 
divider 
is 
connected 
to VFB as shown in Figure 4. The output is set 


by R3 and R4 as follows. 
Let R4 be any resistance 
in the 


1Okf.l to 1Mf.l range, typically 
1OOkf.l, then: 
EIII 


R3 = R4 (VOUT - 1) 
1.28 


Low-Battery Detector 


The low-battery 
detector 
compares 
the voltage on the LBI 
input with the internal 
1.28V reference. 
LBO goes 
low 


whenever 
the input voltage 
at LBI is less than 1.28V 
The 
low battery 
detection 
voltage 
is set by resistors 
R1 and 


R2 (Figure 
3). 
Let R2 be any resistance 
in the 10kf.l to 
1Mf.l range, typically 
100kf.l, then: 


R1 = R2 (~~~ 
- 1) 


where VLB = desired 
low-battery 
detection 
voltage. 


_____ 
Application Information 


Inductor Selection 


When selecting 
an inductor, 
consider 
these four factors: 


peak current 
rating, inductance 
value, series resistance, 


and size. It is important 
notto exceed the inductor's 
peak 
current 
rating. 
A saturated 
inductor 
will pull excessive 
currents 
through 
the MAX639's 
switch 
and may cause 
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damage. 
Avoid 
using 
RF chokes 
or air-core 
inductors 
since 
they 
have 
very 
low 
peak-current 
ratings. 
Electromagnetic 
interference 
must not upset nearby cir- 
cuitry or the regular IC. Ferrite bobbin 
types work well for 
most digital 
circuits; 
toroids 
or pot cores 
work 
well for 
EM I-sensitive 
analog 
circuits. 


Recall that the inductance 
value determines 
IPEAKfor all 
input 
voltages 
(Equation 
3). 
If there 
are no resistive 


losses and the diode 
is ideal, the maximum 
current that 


can be drawn 
from the MAX639 
will be one-half 
IPEAK. 


With the real losses 
in the switch, 
inductor, 
and diode 
taken 
into account, 
the 
real 
maximum 
output 
current 
typically 
varies from 90% to 50% of the ideal. 
The follow- 


ing steps 
describe 
a conservative 
way to pick an ap- 
propriate 
inductor. 


Step 1: 
Decide 
what the maximum 
output current will 
be in amps; 
10UTMAX. 


Let IPEAK = 4 x 10UTMAX. 


Pick L = 50 /IPEAK. 
L will be in IlH. 
Do not 
use an inductor 
that is less than 100IlH. 


Step 4: 
Make sure that IPEAK does not exceed 
0.6A 
or the inductor's 
maximum 
current 
rating, 


whichever 
is lower. 


Inductor 
series 
resistance 
affects 
both 
efficiency 
and 
dropout 
voltage. 
A high series resistance 
severely 
limits 


the maximum 
current 
available 
at lower input voltages. 


Output currents 
up to 225mA are possible 
if the inductor 


has low series 
resistance. 
Inductor 
and series 
switch 
resistance 
form an LR circuit 
during 
tON. If the LlR time 
constant 
is less than the oscillator 
tON, the 
inductor's 
peak current 
will fall short of the desired 
IPEAK. 


Choose 
the highest 
value inductor 
that will provide 
the 


required output current over the whole range of your input 
voltage. 
Choosing 
the highest 
workable 
inductor 
value 


Step 2: 


Step 3: 


Inductors 
- 
Through 
Hole 


PIN 
Size 
Value 
IMAX 
Series-R 
(J.lH) 
(A) 
(0) 
MAXL001* 
0.65 x 0.33" dia. 
100 
1.75 
0.2 


7300-13** 
0.63 x 0.26" dia. 
100 
0.89 
0.27 


7300-15** 
150 
0.72 
036 


7300-17** 
220 
0.58 
0.45 


7300-19** 
330 
0.47 
0.58 
7300-21** 
470 
039 
0.86 


7300-25** 
1000 
0.27 
2.00 


*Maxim Integrated Products 


**Caddell-Burns 


258 East Second Street 
Mineola, NY 11501-3508 
(516) 746-2310 


Inductors 
- 
Surface 
Mount 


PIN 
Size 
Value 
IMAX 
Series-R 
(jJ.H) 
(A) 
(0) 
CD54 
5.2 x 5.8 x 4.5mm 
100 
0.52 
0.63 


CD54 
220 
0.35 
1.50 


CDR74 
7.1x7.7x4.5mm 
100 
052 
0.51 


CDR74 
220 
035 
0.98 


CDR105 
9.2 x 10.0x 5.0mm 
100 
0.80 
035 


CDR105 
220 
0.54 
0.69 


Sumida Electric (USA) 
637 East Golf Road 
Arlington Heights, IL 60005 
(708) 956-0666 


Capacitors 
- 
Low ESR 


PIN 
Size 
Value 
ESR 
VMAX 
(J.lF) 
(0) 
(V) 
MAXC001* 
0.49 x 0.394" dia. 
150 
02 
35 


267 Series*' 
D SM oackaaes 
47 
0.2 
10 


267 Series" 
E SM oackaaes 
100 
0.2 
6.3 
*Maxim Integrated Products 


"Matsuo Electronics 
2134 Main Street 
Huntington Beach, CA 92648 
(714) 969-2491 


Schottky 
Diodes 
- 
Surface 
Mount 


PIN 
Size 
VF(V) 
IMAX(A) 
SE014 
I SOT89 
I 
0.55 
1 
SE024 
SOT89 
I 
0.55 
0.95 


Coilmer Semiconductor 
14368 Proton Road 
Dallas, TX 75244 
(214) 233-1589 


NOTE: 
This list does not constitute an endorsement by 
Maxim Integrated Products and is not intended to be 
a comprehensive list of all manufacturers of these 
components. 
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will provide 
the highest 
efficiencies 
(see TypicalOperat- 
ing Characteristics). 
Inductors 
with peak currents 
in the 
600mA 
range 
do not need to be very large. 
They are 
about the size of a 1W resistor, with surface-mount 
ver- 
sions approaching 
the size of a pea. 
Table 1 lists com- 
panies 
that 
supply 
suitable 
inductors 
for use with the 
MAX639. 


Output Filter Capacitor 


The MAX639's 
output 
ripple 
has two components. 
One 
component 
results from the change 
in stored charged 
on 
the filter capacitor 
with each LX pulse. 
The other is the 
product 
of 
the 
current 
into 
the 
capacitor 
and 
the 
capacitor's 
equivalent 
series resistance 
(ESR). 


The amount of charge delivered 
in each oscillator 
pulse is 
determined 
by the inductor value and input voltage. 
The 
amount 
of charge 
per pulse decreases 
with increasing 
inductor size, but increases with decreasing 
input voltage. 
As a general 
rule, the 
smaller 
the 
amount 
of charge 
delivered 
in each pulse, the less the output ripple will be. 


With low-cost 
aluminum 
electrolytic 
capacitors, 
the ESR- 


induced 
ripple 
can 
be larger 
than that caused 
by the 
change 
in charge. 
Consequently, 
high-quality 
aluminum 
electrolytic 
or tantalum 
filter capacitors 
will minimize 
out- 
put ripple. 
Best results at a reasonable 
cost are typically 
achieved 
with an aluminum 
electrolytic 
capacitor 
in the 
100l!F range, in parallel 
with a O.1l!F ceramic 
capacitor 
(see Table 1). 


External Diode 


In most MAX639 circuits, the current in the external diode 
(01, 
Figure 
3) changes 
abruptly 
from zero to its peak 
value 
each 
time 
LX switches 
off. 
To avoid 
excessive 


losses, 
the 
diode 
must 
have 
a fast turn-on 
time. 
For 


low-power 
circuits 
with peak currents 
less than 100mA, 


signal 
diodes 
such 
as the 
1N4148 
perform 
well. 
For 
higher-power 
circuits, 
or for maximum 
efficiency 
at low 
power, the 1NS817 series of Schottky 
diodes 
are recom- 
mended. 
1NS817 equivalent 
diodes are also available 
in 
surface-mount 
packages 
(see Table 
1). 
Although 
the 
1N4001 and other general-purpose 
rectifiers are rated for 


high currents, 
they are unacceptable 
because 
their slow 
turn-on 
time results in excessive 
losses. 


Minimum Load 


Under no-load conditions, 
because 
of the leakage of the 
PMOS 
power 
switch 
(see 
Typical 
Operating 
Charac- 
teristics, 
LX Leakage 
Current 
vs. Temperature) 
and the 


internal 
1MQ resistor 
from V+ to VOUT, leakage 
current 
may be supplied 
to the output capacitor 
even when the 
switch 
is off. 
Typically, 
for a SV output 
at room tempera- 
ture, this will not be a problem, 
since the reverse leakage 
current 
of the diode 
and the current 
drawn 
by the feed- 


back resistors 
drain the excess 
current. 
However, 
if the 


diode 
leakage 
is very 
low 
(which 
can 
occur 
at low 


temperatures 
and/or small output voltages), 
charge 
may 


build up on the output capacitor, 
making VOUT rise above 


its set point. 
If this happens, 
simply 
add 
a small 
load 
resistor (typically 
1MQ) to the output 
to pull a few extra 


microamps 
of current from the output capacitor. 


Layout 


The MAX639 operates 
by switching 
the inductor 
current 


at high speed, 
so proper 
input bypassing 
is important. 


An input bypass 
capacitor 
must be less than 1cm from 
the V+ pin (pin 6). 
If the main bypass 
capacitor 
is too 


distant, 
then a high-frequency 
0 1l!F ceramic 
capacitor 
must be placed 
within 1cm of the V+ pin. 


Several of the external 
components 
in a MAX639 circuit 


experience 
peak currents 
up to 600mA. 
Wherever 
one 
of these components 
connects 
to ground, 
the potential 
for ground 
bounce 
exists. 
Ground 
bounce 
occurs 
when 


high currents 
flow through 
the parasitic 
resistance 
of PC 


board traces. 
What one component 
sees as ground 
can 


be several millivolts different 
from the MAX639's ground. 


This may affect the MAX639's 
ripple performance, 
since 


the error comparator 
(which is referenced 
to ground) 
will 


generate 
extra 
switching 
pulses 
when 
they 
are 
not 
needed, 
increasing 
the output 
ripple. 
It is essential 
that 
the ground 
lead of the input filter capacitor, 
the MAX639 
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Figure 5. 
Through Hole PC Layout and Component 
Placement 
Diagram 
for Standard 
Step-Down 
Application 
(Top-Side 
View) 


GNO pin, the diode's 
anode 
and the ground 
lead of the 


output 
filter capacitor 
be as close together 
as possible. 


Figure S shows a suggested 
through-hole 
printed 
circuit 
layout that minimizes 
ground 
bounce. 


Inverter Configuration 


Figure 
6 shows 
the MAX639 
in a floating 
ground 
con- 
figuration. 
By tying 
what 
would 
normally 
be the 
+SV 


output to the supply 
voltage 
ground, 
the GNO pin of the 


MAX639 
is forced 
to a regulated 
-Sv. 
Avoid exceeding 


High-Efficiency, 
+SV Adjustable 


Step-Down Switching Regulator 


AIIAXIAII 


MAX639 


VOUT 


160 


140 


;;;: 
S 
120 
~ 
as 
~ 
100 
'-'~ 
80 
g; 
=> 
60 
a 
::;; 
=> 
40 
::;;~ 
::;; 
20 


0 
0 


the maximum 
differential 
voltage 
of 11.5V from VIN to 
VOUT. 
Other 
negative 
voltages 
can 
be generated 
by 


placing 
a voltage 
divider 
across 
COUT and connecting 
the tap point to VFB in the same manner 
as the normal 


step-down 
configuration. 


Two AA Batteries 
to 5V Configuration 


For 
battery-powered 
applications, 
where 
the 
signal 


ground 
does not have to correspond 
to the power supply 
ground, 
the circuit 
in Figure 6 generates 
5V from a pair 


of AA batteries. 
Connect 
the VIN ground 
point to the +5V 


-......... 
/ 
V 


TA=+25'C 
VOUT = -5V 


V 


L=470raH 
- 
IOUT= 
OmA 


I 
I 
/ 


840 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
45 
50 
5.5 
6.0 


V+(V) 


input of your system 
and connect 
the -5V output 
to the 
ground 
input of your system. 
This configuration 
has the 


added 
advantage 
that 
the 
internal 
power 
FET of the 
MAX639 has VIN plus 5V of gate drive, thus reducing 
on 


resistance 
(see Figures 7 and 8). 


_______ 
Chip Topography 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 
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_______ 
General Description 


The MAX661 is a regulated 
+ 12V, 25mA-output, 
charge- 
pump 
DC-DC voltage 
converter. 
It provides 
the neces- 
sary 
+ 12V 
±5% 
output 
to 
program 
byte-wide 
flash 


memories, 
and requires 
no inductors 
to deliver a guaran- 
teed 25mA out~ut from inputs as low as 4.75V. It fits into 
less than O.2in 
of board 
space. 


The MAX661 is the first charge-pump 
boost converter 
to 
provide 
a regulated 
+ 12V output without using inductors. 


It requires 
only a few inexpensive, 
miniature 
capacitors, 


and the entire circuit 
is completely 
surface-mountable. 


A logic-controlled 
shutdown 
pin that interfaces 
directly 
with microprocessors 
cuts supply 
current 
to only 
1~A. 


This device 
comes 
in 14-pin narrow SO and 
plastic 
DIP 


packages. 


For higher-current 
flash memory 
programming 
solutions, 


refer to the 
MAX734 
and 
MAX732 
PWM switch-mode 
DC-DC 
converter 
data sheets. 
They have guaranteed 
output currents 
of 120mA and 200mA, 
respectively. 
Also 
refer to the MAX717-MAX721 
data sheet for dual-output 
power-supply 
chips 
that 
integrate 
both 
main 
VCC 


(3V/3.3V/or 
5V) and auxiliary 
+ 12V flash memory 
power 


supplies 
on a single 
device 
and operate 
from 2V mini- 
mum inputs. 


+ 12V Flash Memory 
Programming 
Supplies 


Compact 
+ 12V Op-Amp 
Supplies 


Switching 
MOSFETs in Low-Voltage 
Systems 


~1I1~JXI~1I1 


+ 12V, 25mA Flash Memory 


Programming Supply 


• 
Regulated 
+12V ±5% Output 


• 
Fits in O.2in2 


• 
Guaranteed 
25mA Output Current 


• 
No Inductors 
- Uses Only Capacitors 


• 
200mA Quiescent 
Supply Current 


• 
Logic-Controlled 
1O~A Shutdown 


• 
14-Pin Narrow SO and Plastic DIP Packages 


INPUT 
4.5V 
T011V 


OUTPUT 
12V±4% 


150mA 


88% EFFICIENCY 
+~1 


BV CMOS Switched-Capacitor 


Voltage Converter 


_______ 
General Description 


The MAX665 
charge-pump 
voltage 
inverter 
converts 
a 


+ 1.5V to +8V 
input 
to a corresponding 
-1.5V 
to -8V 


output. 
Using only two low-cost 
capacitors 
to produce 


100mA, the MAX665 replaces 
switching 
regulators, 
elim- 


inating 
inductors 
and 
their 
associated 
cost, 
size, and 


EM!. 
Greater than 90% efficiency 
over most of its load- 


current 
range combined 
with a 200~ 
typical 
operating 


current provides 
ideal performance 
for both battery-pow- 


ered 
and 
board-level 
voltage 
conversion 
applications. 


The MAX665 
can also double 
the output 
voltage 
of an 


input 
power 
supply 
or 
battery, 
providing 
+9.35V 
at 


1OOmA from a +5V input. 


A Frequency 
Control 
(FC) pin selects 
either 
10kHz 
or 


45kHz operation 
to optimize 
capacitor 
size and quiescent 


current. 
The oscillator 
frequency 
can also be adjusted 


with an external capacitor 
or driven with an external clock. 
The MAX665 
is a pin-compatible 
high-current 
upgrade 


of the 
ICL7660. 
For an 8-pin 
SO version 
with a 5.5V 


maximum 
input voltage, 
refer to the MAX660 data sheet. 


The MAX665 
is available 
in both 8-pin 
DIP and 
16-pin 


wide SO packages 
in commercial, 
extended, 
and military 


temperature 
ranges. 


Laptop 
Computers 


Medical 
Instruments 


Interface 
Power Supplies 


Handheld 
Instruments 


Op-Amp 
Power Supplies 


GaAs Power-Amp 
Bias Supplies 


• 
O.65V Loss at 100mA 
Load 


• 
6.5Q Output 
Impedance 


• 
Pin-Compatible 
High-Current 
ICL7660 
Upgrade 


• 
Inverts or Doubles 
Input Supply Voltage 


• 
Selectable 
Oscillator 
Frequency: 
10kHzl45kHz 


• 
88% Conversion Efficiency at 1COmA (IL to GND) 


• 200~A Operating 
Current 


• 
+1.5V to +8V Supply 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX665CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX665CWE 
O'C to +70'C 
16WideSO 


MAX665C/D 
O'C to +70'C 
Dice' 


MAX665EPA 
-40'C 
to +85'C 
8 Plastic 
DIP 


MAX665EWE 
-40'C 
to +85'C 
16WideSO 


MAX665MJA 
-55'C 
to + 125'C 
8 CERDIP 


CAP. 
OSC 


.MAXI.M 


GND 
MAX665 
LV 


CAP- 
OUT 


INVERTED 
NEGATIVE 
VOLTAGE 
OUTPUT 
.=E 150~F 


FC 
V. 


CAP. 
OSC 


.MAXI.M 


GND 
MAX665 
LV 


DOUBLED 
POSITIVE 
VOLTAGE 
OUTPUT 


+ C2 
150~F 


POSITIVE VOLTAGE DOUBLER 


PIN NUMBERS REFERTO DIP PACKAGE. 


BV CMOS Switched-Capacitor 
Voltage Converter 


Operating 
Temperature 
Ranges: 
MAX665C 
. . . . . . . . . . . . . . . . . . . . . . . 
O°C to + 70°C 
MAX665E 
-40°C to +85°C 
MAX665MJA 
-55T 
to + 125°C 
Storage 
Temperature 
Range 
-65°C to + 160°C 
Lead Temperature 
(soldering, 
10 sec) 
+300°C 


Supply 
Voltage 
(V+ to GND, or GND to OUT) 
. . . . . . . .. 
+8.5V 
LV Input Voltage 
(OUT: 
0.3V) to (V+ + 0.3V) 
FC and OSC Input Voltages 
.. The Least Negative 
of 
(OUT - 0.3V) or (V+ - 6V) to (V+ + 0.3V) 
OUT and V+ Continuous 
Output 
Current. 
. . 120mA 
Output 
Short-Circuit 
Duration 
to GND (Note 1) 
1 sec 
Continuous 
Power Dissipation 
(TA = + 70°C) 
8-Pin Plastic DIP (derate 9.09mWrC 
above 
+70°C) 
727mW 
16-Pin Wide SO (derate 9.52mWrC 
above 
+70°C) 
762mW 
8-Pin CERDIP (derate 800mWrC 
above 
+70°C) 
. 
640mW 


Note 
1: OUT may be shorted to GND for 1 sec without damage, 
but shorting 
OUT to V+ may damage 
the device. 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V, C1, C2 = 150~F, test circuit 
of Figure 
1, FC = open, TA = TMIN to TMAX, unless otherwise 
noted.) 
(Note 2) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Inverter, 
LV = open 
3 
8 


Operating 
Supply 
Voltage 
RL = 1kQ 
Inverter, 
LV = GND 
1.5 
8 
V 


Doubler, 
LV = OUT 
25 
8 


FC = open 
0.2 
0.5 
Supply 
Current 
No load 
mA 
FC = V+ 
1 
3 


TA"; +85°C, 
OUT more negative 
than -4V 
100 
Output Current 
mA 
TA> 
+85°C, OUT more negative 
than -3.8V 
100 


TA"; +85°C 
6.5 
10 
Output 
Resistance 
(Note 3) 
IL = 100mA 
n 
TA> 
+85°C 
12 


FC = open 
10 
Oscillator 
Frequency 
kHz 


FC = V+ 
45 


FC = open 
±11 


OSC Input Current 
FC = V+ 
±5 
~A 


RL = 1kQ connected 
between 
V+ and OUT 
96 
98 


Power Efficiency 
RL = 500n 
connected 
between 
OUT and GND 
92 
96 
% 


IL = 100mA to GND 
88 


Voltage 
Conversion 
Efficiency 
No load 
99 
9996 
% 


Note 2: In the test circuit, 
capacitors 
C1 and C2 are 150~F, 02n 
maximum 
ESR, aluminum 
electrolytics 
(Maxim 
part # MAXC001). 
Capacitors 
with higher 
ESR may reduce 
output 
voltage 
and efficiency. 


Note 3: Specified 
output 
resistance 
is a combination 
of internal 
switch resistance 
and capacitor 
ESR. See Capacitor 
Selection 
section. 


BV CMOS Switched-Capacitor 


Voltage Converter 


All curves are generated 
using the test circuit of Figure 1 


with V+ = 5V, LV = GND, FC = open, 
and TA = +25·C, 
unless otherwise 
noted. 
The charge-pump 
frequency 
is 


one-half 
the oscillator 
frequency. 
Test results 
are also 


valid for doubler 
mode with GND = +5V, LV = OUT, and 


OUT = av, unless 
otherwise 
noted; 
however, 
the input 


voltage 
is restricted 
to +2.5V to +8V. 
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BV CMOS Switched-Capacitor 


Voltage Converter 


PIN 
FUNCTION 
NAME 


DIP 
WIDE SO 
INVERTER 
DOUBLER 


Frequency Control for internal oscillator. FC = open, 


1 
2 
FC 
fosc = 10kHz typ; FC = V+, fosc = 45kHz typ; FC has no 
Same as inverter 
effect when OSC pin is driven externally. 


2 
4 
CAP+ 
PositiveCharge-Pump Capacitor Terminal 
Same as inverter 


3 
6 
GND 
Power-Supply Ground Input 
Power-Supply PositiveVolt- 
age Input 


4 
8 
CAP- 
Negative Charge-Pump Capacitor Terminal 
Same as inverter 


5 
9 
OUT 
Output, Negative Voltage 
Power-Supply Ground Input 


Low-Voltage Operation Input. Tie LVto GND when input voltage 
LVmust be tied to OUT for all 
6 
11 
LV 
is less than 3V. Above 3V, LV may be connected to GND or left 
input voltages. 
.open; when overdriving OSC, LV must be connected to GND. 


Oscillator Control Input. OSC is connected to an internal 15pF 
Sameas inverter;however,do 
7 
13 
OSC 
capacitor. An external capacitor can be added to slow the oscil- 
not overdrive OSC in voltage 
lator. Care must be taken to minimize stray capacitance. An ex- 
ternal oscillator may also be connected to overdrive OSC. 
doubler mode. 


8 
16 
V+ 
Power-Supply PositiveVoltage Input 
PositiveVoltage Output 


- 
1,3,5,7,10, 
N.C. 
No Connect - not internally connected 
No Connect 
12,14,15 


______ 
Detailed Description 


The MAX665 capacitive 
charge-pump 
circuit either inverts 
or doubles the input voltage. 
Two external capacitors 
are 
needed in the voltage inverting mode, while two capacitors 
and one diode are needed for the voltage doubling 
mode 
(see Typical Operating 
Circuits). For highest performance, 
use low effective series resistance 
(ESR) capacitors. 
See 
Capacitor 
Selection section for more details. 


When using the inverting mode with a supply voltage less 
than 3V, LV must be connected 
to GND. This bypasses the 
internal regulator circuitry and provides 
best performance 
in low-voltage 
applications. 
When using the inverter mode 
with a supply voltage above 3V, LV may be connected 
to 
GND or left open. 
The part is typically 
operated 
with LV 


grounded, 
but since LV may be left open, the substitution 
of the MAX665 for the ICL7660 is simplified. 
LV must be 
grounded 
when overdriving 
OSC (see Changing 
Oscillator 
Frequency 
section). 
Connect 
LV to OUT (for any supply 
voltage) when using the doubler mode. 
____ 
Applications Information 


Negative 
Voltage Converter 


The most 
common 
application 
of the MAX665 
is as a 
charge-pump 
voltage 
inverter. 
The 
operating 
circuit 


uses only two external capacitors, 
C1 and C2 (see Typical 
Operating 
Circuits). 
In most applications 
these are low- 
cost, 
low-ESR, 
150llF 
electrolytic 
capacitors 
(refer 
to 
Capacitor 
Selection 
section). 


Even 
though 
its output 
is not actively 
regulated, 
the 
MAX665 
is very insensitive 
to load current 
changes. 
A 


typical 
output 
source 
resistance 
of 6.5Q 
means 
that 
with an input of +5V the output voltage 
is -5V under 
light 


load, and decreases 
to only -4.35V with a 100mA 
load. 


Output 
source 
resistance 
vs. temperature 
and supply 
voltage 
are shown 
in the Typical 
Operating 
Character- 
istics graphs. 


Output 
ripple 
voltage 
is calculated 
by noting 
that the 
output current supplied 
is solely from capacitor 
C2 during 
one-half 
of the charge-pump 
cycle. 
This introduces 
a 
peak-to-peak 
ripple of: 


lOUT 
VRIPPLE= 2(fpUMP) (C2) + lOUT (ESRC2) 


For a nominal 
fpUMP of 
5kHz 
(one-half 
the 
nominal 
10kHz oscillator 
frequency) 
where 
C2 = 150llF 
with an 


ESR of 
O.2Q, 
ripple 
is approximately 
90mV 
with 
a 
100mA load current. 
If C2 is raised to 390IlF, 
the ripple 
drops 
to 45mV. 


BV CMOS Switched-Capacitor 
Voltage Converter 


Positive Voltage Doubler 


The MAX665 
operates 
in the voltage-doubling 
mode as 
shown 
in the 
Typical 
Operating 
Circuit. 
The external 
Schottky 
(1N5817) diode is for start-up only. The no-load 
output is 2 x VIN and is not reduced 
by the diode forward 
drop. 


Changing Oscillator Frequency 


Four modes 
control 
the MAX665's 
clock 
frequency, 
as 
listed below: 


FC 
OSC 
Oscillator 
Frequency 


Open 
Open 
10kHz 


FC = V+ 
Open 
45kHz 


Open or 
External capacitor 
See Typical Operating 
FC = V+ 
Characteristics 


Open 
External clock 
External clock frequency 


When FC and OSC are unconnected 
(open), the oscilla- 
tor runs at 10kHz typically. 
When FC is connected 
to V+, 


the charge 
and discharge 
current at OSC changes 
from 
1.1 ~ 
to 5~, 
thus increasing 
the oscillator 
frequency 
4.5 
times. 
In the third mode, the oscillator 
frequency 
is low- 
ered by connecting 
a capacitor 
between 
OSC and GND. 
FC can still multiply 
the frequency 
by 4.5 times in this 
mode. 


In the inverter mode, OSC may also be overdriven 
by an 
external clock source that swings within 100mV of V+ and 
GND. 
Any standard 
CMOS 
logic 
output 
is suitable 
for 


driving OSC. 
When OSC is overdriven, 
FC has no effect. 


Also, LV must be grounded 
when overdriving 
OSC. Do not 
overdrive the OSC pin in the voltage doubler mode. 


Note: 
In all modes, the frequency 
of the signal appearing 
at CAP+ and CAP- is one-half that of the oscillator. 
Also, 


an undesirable 
effect of lowering the oscillator frequency 
is 
the charge 
pump's 
effective output resistance. 
Compen- 
sate for this by increasing 
the value of the charge-pump 
capacitors 
(see Capacitor 
Selection 
section and 
Typical 
Operating Characteristics). 


In some applications, 
the 5kHz output ripple frequency 
may 
be low enough to interfere with other circuitry. 
If desired, 
the oscillator frequency 
can then be increased by using the 
FC pin or an external oscillator as described 
above. 
The 
output 
ripple frequency 
is one-half the selected 
oscillator 
frequency. 
Increasing 
the clock frequency 
increases 
the 
MAX665's 
quiescent 
current, 
but also allows smaller ca- 
pacitance 
values to be used for C1 and C2. 


_______ 
Capacitor Selection 


Three 
factors 
(in addition 
to load 
current) 
affect 
the 
MAX665 output voltage 
drop from its ideal value: 


1) MAX665 output 
resistance, 


2) Pump (C1) and reservoir 
(C2) capacitor 
ESRs, 


3) C1 and C2 capacitance. 


The voltage 
drop caused 
by MAX665 
output 
resistance 
is the load current times the output 
resistance. 
Similarly, 


the loss in C2 is the load current 
times C2's ESR. 
The 
loss in C1, however, 
is larger because 
it handles currents 
that 
are greater 
than the 
load 
current 
during 
charge- 
pump operation. 
The voltage 
drop due to C1 is therefore 
about four times C 1's ESR times the load current. 
Conse- 
quently, 
a low (or high) ESR capacitor 
has much greater 


impact 
on performance 
for C1 than for C2. 


Generally, as the MAX665's pump frequency 
increases, the 
capacitance 
values required to maintain comparable 
ripple 
and output resistance 
diminish 
proportionately. 
Figure 2 
shows the total circuit output resistance for various capac- 
itor values (the pump and reservoir capacitors' 
values are 
equal) and oscillator frequencies. 
These curves assume 
O.25Q capacitor 
ESRs and a 5.25Q MAX665 output resis- 
tance, which 
is why the flat portion of the curve shows a 
6.5Q (Ro MAX665 + 4(ESRC1) + ESRC2) effective 
output 


resistance. 
Note: 
RO = 5.25Q 
is used, 
rather than the 
typicaI6.5Q, 
because the typical specification 
includes the 
effect of the capacitors' 
ESRs in the test circuit. 


To reduce 
output 
ripple 
caused 
by the charge 
pump, 
increase 
reservoir 
capacitor 
C2 and/or 
reduce 
its ESR. 
Also, the reservoir capacitor 
must have low ESR if filtering 


high-frequency 
noise at the output 
is important. 
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ESR =0.25Q 
FOR BOTH 
Cl AND C2 


MAX665 OUTPUT 
SOURCE RESISTANCE 
ASSUMEO TO BE 
525Q 


4 
6810 
100 


CAPACITANCE (IlF) 


Figure 2. 
Total Output Source 
Resistance 
vs. CI and C2 
Capacitance 
(CI = C2) 


BV CMOS Switched-Capacitor 


Voltage Converter 


Not all manufacturers 
guarantee 
the capacitor 
ESR range 


required 
by the MAX66S. 
In general, 
capacitor 
ESR is 


inversely 
proportional 
to physical 
size, so larger capaci- 


tance 
values 
and higher voltage 
ratings 
tend to reduce 
ESR. The capacitors 
used when testing the MAX66S are 


MAXC001 
1S0~F aluminum 
electrolytics 
available 
from 


Maxim. 
They combine 
low cost, a guaranteed 
maximum 


ESR of 0.20 
at room temperature, 
and a low-temperature 


operating 
limit of -2S"C. If operation 
at lower temperatures 


is required, 
certain tantalum capacitors 
provide good low- 


temperature 
ESR, but at added 
expense. 


Manufacturers 
who provide 
low-ESR electrolytic 
capaci- 


tors include: 


MANUFACTURER 
CAPACITOR 
CAPACITOR 
TYPE 


IllinoisCapacitor 
RZS 
Aluminum electrolytic 


Mallory Capacitor 
TDC& TDL 
Tantalum 


Nichicon 
PF& PL 
Aluminumelectrolytic 


Sprague Electric 
672D,673D, 
Aluminum electrolytic 
674D, 678D 


Sprague Electric 
135D,173D, 
Tantalum 
199D 


United Chemi-Con 
LXF& SXF 
Aluminum electrolytic 


(708) 675-1760 
FAX(708) 673-2850 


(317) 856-3731 
FAX(317) 856-2500 


(708) 843-7500 
FAX(708) 843-2798 


Sprague Electric 
(508) 339-8900 
FAX(508) 339-5063 


United Chemi-Con 
(708) 696-2000 
FAX(708) 640-6341 


Cascading Devices 


To produce larger negative multiplication of the initital supply 
voltage, the MAX66S may be cascaded as shown in Figure 3. 
The resulting output resistance is approximately 
equal to the 


IllinoisCapacitor 


Mallory Capacitor 


Nichicon 


AItAXI.NI 


MAX665 


"r 


sum of the individual 
MAX66S 
ROUT values. 
The output 


voltage, where n is an integer representing 
the number of 


devices cascaded, 
is defined by VOUT = -n (VIN). 


Paralleling 
Devices 


Paralleling 
multiple 
MAX66Ss 
reduces 
the output 
resis- 
tance. 
As illustrated 
in Figure 4, each device 
requires 
its 
own pump 
capacitor 
C 1, but the reservoir 
capacitor 
C2 
serves all devices. 
C2's value should be increased 
by a 


factor of n, where 
n is the number 
of devices. 
Figure 4 


shows the equation for calculating 
output resistance. 


Combined Positive Supply Multiplication 


and Negative 
Voltage Conversion 


This dual function 
is illustrated 
in Figure S. In this circuit, 
capacitors 
C1 and C3 are pump 
and reservoir, 
respec- 
tively, for generating 
the negative voltage. 
Capacitors 
C2 


and C4 are pump and reservoir for the multiplied 
positive 
voltage. 
This circuit 
configuration, 
however, 
leads 
to 


higher 
source 
impedances 
of the generated 
supplies. 


This is due to the common 
charge-pump 
driver's 
finite 


impedance. 


ROUT 
ROUnDl 
MAX665) 
n (NUMBER OF OEVICES) 


.NIAXI.NI 


MAX665 


"/" 


.NIAXI.NI 
MAX665 


"n" 


VOUT= (2VIN)- 
+ 
(VfOl) - (Vf02) 
I 
C4 


Voltage Converter 


an 
CD 
= 


1M 
1M 


1N5817 
; 


Figure 6. 
The MAX665 
generates 
a +5V regulated 
output 
from 
a 3V lithium battery 
and operates 
for 16 hours with a 40mA load 


NC 
V+ 


FC 
N.C. 


N.C. 
N.C 


CAP+ 
OSC 


N.C. 
N.C. 


GNO 
LV 


N.C. 
N.C. 


CAP- 
OUT 


WIDE 
SO 


.180" 
4.572mm 
osc 


All information 
in this data sheet is preliminary 
and subject to change. 
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NiCad/NiMH Battery Fast-Charge Controllers 


_______ 
General Description 


The 
MAX712 
and 
MAX713 
fast 
charge 
nickel 
metal 


hydride and nickel cadmium 
batteries from a DC source 
at least 1V higher 
than the maximum 
battery voltage. 
These devices can charge 1 to 16 series cells at rates up 
to 4C. 
A voltage-slope 
detecting 
analog-to-digital 
con- 
verter, a timer, and a temperature 
window 
comparator 


determine 
charge 
completion. 
The MAX712/MAX713 
are powered by an on-board 
+5V shunt regulator off the 
DC source and draw only 5~ 
maximum from the battery 
when not charging. 
A low-side, 
current-sense 
resistor 
allows the battery-charge 
current to be regulated 
while 
still supplying 
power to the battery's load. 


The MAX712 charges NiMH batteries by detecting zero- 
voltage slope, while the MAX713 uses a negative voltage- 
slope detection 
scheme for NiCad batteries. 
Both parts 
come in 16-pin DIP and narrow SO packages. 
An external 
power PNP, a blocking 
diode, three resistors and three 
capacitors are the only external components needed. 
Op- 


tional temperature sensing adds only two low-cost thermis- 
tors, three resistors, and a capacitor. 


For higher-power 
charging, 
the MAX712/MAX713 
can 
easily interface with an ICM7556 and a power MOSFET 
to form a switch-mode 
battery 
charger 
that minimizes 
power dissipation. 


_________ 
Applications 


Battery-Powered 
Equipment 


Laptop, Notebook and Palmtop Computers 
Handi-Terminals 


Cellular Telephones 


Portable Consumer Products 


Portable Stereos 


Cordless Telephones 


___________ 
Features 


• 
Fast-Charge 
NiMH (MAX712) or NiCad (MAX713) 


Batleries 


• 
Charge 1 to 16 Series Cells 


• 
Fast Charge from Cf4 to 4C Rate 


• 
Cf16 Trickle Charge Rate 


• 
Automatically 
Switch from Fast to Trickle Charge 


• 
Shorted or Reversed-Battery 
Protection 
• -tN, Temperature, 
and Timer Fast-Charge 
Cutoff 


• 
5~A Max Drain on Battery When Not Charging 


• 
+5V Shunt Regulator Powers External Logic 


• 
Supplies Load while Charging Batlery 


• 
16-Pin Narrow SO and DIP Packages 


DRV 


v+.MAXI.M 


MAX112 


VLlMIT 


~III~JXI~III 


Battery-Powered 
Supply Systems 


_______ 
General Description 


The MAX714/715/716 
battery-powered 
supply 
systems 


combine 
multiple 
regulated 
voltage 
outputs 
with micro- 


processor 
supervisory 
functions 
that are optimized 
for 
battery-powered 
supplies. 
High-level 
integration 
and 


low-power 
CMOS simplify 
high-efficiency 
power-supply 
design 
in portable 
and battery-operated 
instruments. 


The MAX716 combines 
circuitry for four low-dropout 
linear 


regulators, three DC-DC switching 
regulators, 
and power- 


supervisory 
functions 
on a single IC. All but one regulator 
output is logic controlled 
so that loads may be shut down 


to extend 
battery 
life. 
Linear-regulator 
outputs 
are pre- 


trimmed 
to +5V and operate 
with only O.1V input-output 
differential. 
In addition, 
three DC-DC switching 
regulators 
generate 
a fixed 
negative 
output 
(-5V, -12V, or -15V), a 


software-adjustable 
negative 
output 
(-5V to 
-26V) 
to 
power LCD displays, 
and a positive 
boosted 
output volt- 


age (+ 12 or + 15). Other functions 
include backup-battery 


switchover, 
low-voltage 
warning, 
and power-fail 
reset. 


The MAX716 
is supplied 
in 28-pin 
plastic 
DIP and wide 
SO packages. 
The MAX715, 
in 24-pin narrow plastic 
DIP 


and CERDIP 
packages, 
eliminates 
one linear-regulator 


output. 
The MAX714, 
in 16-pin 
packages, 
includes 
two 
linear regulators 
and the LCD display 
DC-DC converter. 


Applications 


Portable 
Computers 


Battery-Powered, 
Microprocessor-Based 
Systems 


Handheld 
Instruments, 
Terminals 


Bar-Code 
Readers 


Remote Data-Acquisition 
Systems 
_______ 
Pin Configurations 


___________ 
Features 


• 
Four Logic-Controlled 
+5V Regulators 


• 
Three Switching 
Regulators 


• 
35!J.AQuiescent 
Current 
in Standby 
Mode 


• 
100mV Dropout 
on Linear Regulators 


• 
CMOS RAM Battery-Switchover 
Circuit 


• 
Microprocessor 
Reset and Interrupt 
Outputs 


• 
Hardware-On 
Signal 


• 
Evaluation 
Kit Available 
- MAX716EVKIT 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX714CPE 
O'C to +70'C 
16·Plastic 
DIP 


MAX714CWE 
O'C to +70'C 
16WideSO 


MAX714C/D 
O'C to +70'C 
Dice" 


MAX714EPE 
-40'C 
to +85'C 
16 Plastic 
DIP 


MAX714EWE 
-40'C 
to +85'C 
16WideSO 


MAX714MJE 
-55'C 
to + 125'C 
16 CERDIP 


MAX715CNG 
O'C to +70'C 
24 Narrow 
Plastic 
DIP 


MAX715CWG 
O'C to +70'C 
24 Wide SO 


MAX715C/D 
O'C to +70'C 
Dice" 


MAX715ENG 
-40'C 
to +85'C 
24 Narrow 
Plastic 
DIP 


MAX715EWG 
-40'C 
to +85'C 
24 Wide SO 


MAX715MRG 
-55'C 
to + 125'C 
24 Narrow 
CERDIP 


Ordering 
Information 
continued 
on page 12. 


"Contact 
factory 
for dice specifications. 


C26 
C27 
~~ 
lO~F 


Pin Configurations 
continued 
on page 
12 
Typical Operating 
Circuits continued 
on page 
1i 


.JMAXI.JM 
Maxim Integrated Products 
4-35 


Call toll free 1·800-998·8800 for free samples or literature. 


Battery-Powered 
Supply Systems 


Input Supply 
Voltages 


Vcc, BT 
Sl-S7, 
Bl-B7, 
ON, E3-E7, U6 
-0.3V to + 12V 


-0.3V to the higher of 
Vcc+0.3Vor 
BT +0.3 


-0.3V to Vl +0.3V 
WIllS 


Infinite 


CERDIP 


16-Pin (derate 
10mWI'C 
above 
+70'C) 
800mW 
24-Pin Narrow (derate 12.5mWI'C 
above +70'C) 
... 
1000mW 
28-Pin (derate 
16.67mWI'C 
above 
+70'C) 
. 
1333mW 
LBO, RS 
. 


Maximum 
tW//'!T 
on Vcc 
. 
Maximum 
/'!V//'!T on BT 
. 


Continuous 
Power Dissipation 
Plastic DIP 
16-Pin (derate 
741mWrC 
above 
+70'C) 


24-Pin Narrow (derate 
8.7mWrC 
above 
+70'C) 


28-Pin (derate 
909mWrC 
above 
+70'C) 
Wide SO 
16-Pin (derate 
9.52mWrC 
above 
+70'C) 


24-Pin (derate 
1176mWrC 
above 
+70'C) 
28-Pin (derate 
12.50mWrC 
above 
+70'C) 


593mW 
696mW 
727mW 


762mW 
941m'!/! 
1000mW 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maxi:num 
Ratings· 
may cau~epermanent 
dama.ge 
to the device. 
These 
are 
stress 
ratings 
only, 
and 
functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indIcated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability 


ELECTRICAL 
CHARACTERISTICS 


(AG = PG = ov, Vcc 
= +5.05V 
to + 11V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Voltage 
Range 
Vcc 
Regulated 
output 
5.05 
11.00 
V 


Low Battery 
Indicator 
Threshold 
(Note 1) 
LBO 
MAX71 
C 
5.05 
5.16 
5.27 
V 


Shutdown 
Voltage 
Range 
MAX71_C_ 
481 
4.92 
5.05 
V 


Delta Between 
LBO and RS (Note 1) 
MAX71_C __ 
019 
0.24 
0.29 
V 


Low Battery 
Indicator 
Threshold 
(Note 1) 
LBO 
MAX7LE/M 
__ 
494 
5.16 
5.27 
V 


Shutdown 
Voltage 
Range 
MAX7LE/M 
__ 
4.70 
4.92 
505 
V 


Delta Between 
LBO and RS (Note 1) 
MAX7LE/M 
__ 
017 
0.24 
031 
V 


Battery 
Input 
BT 
23 
4.0 
V 


VCC = OV, BT = 3V, MAX71_C_ 
7 
15 


Supply 
Current 
in Backup 
State 
Vcc 
= OV, BT = 3V, MAX71_E/M __ 
7 
20 
llA 


Supply 
Current 
in Standby 
State 
(ON = OV) 
Vcc 
= llV, 
BT = 3V 
35 
55 
llA 


Supply 
Current 
in Operating 
State 
(ON =Vl) 
Vcc 
= llV, 
BT = 3V, 
300 
500 
llA 
Vl and V2 on only, lOUT = 0IlA 


RS Pulse Width 
160 
230 
350 
ms 


Vcc to BT Power-Supply 
Switchover 
(Note 2) 
-200 
-50 
BT to Vcc 
Power-Supply 
Switchover 
(Note 2) 
mV 


50 
200 


BT Input Current 
(Note 3) 
BT = 3V, VCC = 5.05-1W 
-1.00 
0.01 
100 
llA 


VIH 
Vl·0.7 


V 


Digital 
Input Levels; 
ON, E3-E7, U6 
VIL 
Vl·0.3 


IIH 
Digital 
input current 
5 
llA 


Digital Outputs; 
RS, LBO 
VOH 
lOUT = -5OO11A 
Vl-0.5 


V 


VOL 
lOUT = 50011A 
0.5 


Battery-Powered 
Supply Systems 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(AG = PG = OV, Vcc 
= +5.05V 
to + llV, 
TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LINEAR 
REGULATORS 
Vl • V4 


5.05 < Vcc < 11 
4.75 
5.25 


Output 
Voltage 
(Note 4) 
VOUT 
V 


Vcc 
= 5.05, lOUT = 100mA 
475 
5.25 


Load Regulation 
(Note 4) 
lOUT = 1mA to 100mA 
35 
100 
mV 
Vcc 
= 9V 


Line Regulation 
(Note 4) 
Vcc 
= 5.05V to llV, 
20 
100 
mV 
lOUT = lmA 


Additional 
Operating 
Supply 
Current when 
VCC = llV 
100 
200 
~A 
each V3, V4 Input is Enabled 


Output 
Voltage 
Tracking 
Maximum 
Difference 
VCC = 5.05V to l1V, 
-300 
300 
mV 
Between 
Vl, 
V2, V3, V4 
lOUT 5100mA 


B l-B4 
Maximum 
Sink Capability 
VCC = 9V, 
10 
50 
85 
mA 
Bl-B4 
= 5V 


Bl Sink Capability 
During 
standby 
mode 
100 
~A 


DC-DC 
CONVERTERS 
V5 - V7 


Additional 
Operating 
Supply 
Current when 
Vcc = llV 
125 
200 
~A 
each V5, V6, V7 Input is Enabled 


Extra Operating 
Supply 
Current 
when RC 
Vcc = l1V 
225 
300 
~A 
Oscillator 
Enabled 
(Note 5) 


Oscillator 
Timing 
TON 
Vcc = 5.5V, MAX71_C __ 
10.22 
11.36 
12.45 


High Period 
(Note 6) 
VCC = l1V, 
MAX71_C __ 
456 
570 
6.84 
Low Period 
~s 


TOFF 
VCC = 5.5V to 11V, MAX71_C __ 
11.25 
12.50 
13.75 


Oscillator 
Timing 
TON 
VCC = 5.5V, MAX71_ElM 
__ 
9.09 
11.36 
1363 


High Period 
(Note 6) 
Vcc = llV, 
MAX71_ElM 
__ 
456 
5.70 
6.84 
Low Period 
~s 


TOFF 
VCC = 5.05V to l1V, 
MAX71 
ElM 
10 
1250 
15 


Input Leakage 
Current 
S5-S7 
Vcc = llV, 
S5-S7 = 1V 
-1 
1 
~A 


S5 Voltage 
E5 = Vl 
-30 
30 
mV 


E6 = Vl, 
I Code = 00000 
-70 
70 
mV 
S6Voitage 
controlled 
by DAC 
I Code = 11111 
1.18 
1.32 
V 


S7 Voltage 
E7 = Vl 
118 
1.25 
1.32 
V 


VOL 
VCC = 5.5V, ISINK = 10mA 
0.5 
1.0 
B5, B6, B7 Drive Voltages 
V 
VOH 
Vcc = 5.5V, ISOURCE = 10mA 
40 
45 


Efficiency 
85 
;Wo 
(Note 7) 


Note 
1: 
Typical 
ramp rate lV/ms. 


Note 2: 
Tested 
with less than lV/ms 
on VCC and BT separately. 


Note 3: 
To minimize 
test time, a larger max spec was chosen. 
The typical 
value indicates 
the mean value. 


Note 4: 
A Motorola 
2N2907 A PNP was used as the output transistor 
in Figure 
1. 


Note 5: 
RC oscillator 
is enabled 
whenever 
anyone 
of the DC-DC 
convertors 
is enabled. 
Note 6: 
TON varies proportionally 
to lNcc. 
Note 7: 
The efficiency 
depends 
on external 
components 
and can be increased 
or decreased 
from this typical 
value. 
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TIME 4ms/div 


REGULATOR4 Vour OVTO +5V 
WITH LOAD OF 390QAND 
150~F 


TIME 200~s/div 


REGULATORYour OVTO -30V 
lourOmA TO -30mA 10V/div 
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...,-r .r' 
32 STEPS 
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"7 


TIME 500ms/div 


REGULATOR 7 VOUT-11.4 TO -16.9 V WITH 
10kn 
LOAO 


II 
"- 
d. 
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I 
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TIME 50~s/div 


REGULATOR 8 VOUT= +15V WITH 1.5kQ LOAO 
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TIME 10~S/div 


REGULATOR 7 VOUT= -30V WITH 150kn 
LOAO 


TIME 20~s/div 


REGULATOR 6 VOUT= -5V WITH 250Q LOAO 


, 
.. 
\ 
.. 
\ 


1- 


TIME 20ms/div 


A = V2 VOLTAGE OUT 2V!div 
B = LINE TRANSIENT SWITCH 5V!div 


TIME 2()()~S/div 


OmATO 1DOmALOAO 
VCC = +9V, VOUT= -5V 
2N2907 OUTPUT TRANSISTOR 


TIME 100~s/div 


OmA TO -40mA LOAD 
VCC = +9V, VOUT= -5V 
ZTX749 OUTPUT TRANSISTOR 
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MAX714 
MAX715 
MAX716 
NAME 
FUNCTION 
PIN 
PIN 
PIN 


15 
1 
1 
BT 
Backup-Battery 
Input 


16 
2 
2 
AG 
Analog 
Ground 


1 
3 
3 
PG 
High-Power 
Ground 


2 
4 
4 
VCC 
Main Supply 
Input: 
+5.05V 
to + 11V 


3 
5 
5 
LBO 
Low Battery Warning 
Output: 
High when VCC > 5.16V. 


4 
6 
6 
ON 
Hardware-On 
Input: 
Logic-high 
level activates 
V2-V7. 
V1 is always on. 


- 
- 
7 
S4 
V4, Feedback-Sense 
Input 


- 
- 
8 
B4 
V4, Base drive for linear regulator 
output 
transistor 


5 
7 
9 
Sl 
V1, Feedback-Sense 
Input 


6 
8 
10 
B1 
V1, Base drive for linear regulator 
output 
transistor 


7 
9 
11 
S2 
V2, Feedback-Sense 
Input 


8 
10 
12 
B2 
V2, Base drive for linear regulator 
output 
transistor 


- 
11 
13 
B3 
V3, Base drive for linear regulator 
output 
transistor 


- 
12 
14 
S3 
V3, Feedback-Sense 
Input 


- 
13 
15 
B5 
V5, Base drive for the inverting 
output 
transistor 


- 
14 
16 
S5 
V5, Feedback-Sense 
Input 


9 
15 
17 
B6 
V6, Base drive for LCD inverting 
output 
transistor 
(MAX714 
- B6P) 


10 
- 
- 
B6N 
V6, MAX714 
only 


11 
16 
18 
S6 
V6, Feedback-Sense 
Input - for adjustable 
(LCD) switching 
regulator 


- 
17 
19 
B7 
V7, Base-/Gate-Drive 
Output - step-up 
switching 
transistor/MOSFET 


- 
18 
20 
S7 
V7, Feedback-Sense 
Input - step-up 
switching 
regulator 


12 
19 
21 
RS 
Reset Output -low 
during 
power-up, 
battery-backup, 
and standby 
states 


- 
20 
22 
E3 
V3, Enable 
Input 


- 
- 
23 
N.C. 
No Connect 
- 
- 
24 
E4 
V4, Enable 
Input 


13 
21 
25 
U6 
Pulsing 
this input increments 
V6 negative 
output 


- 
22 
26 
E5 
V5, Enable 
Input 


14 
23 
27 
E6 
V6, Enable 
Input 


- 
24 
28 
E7 
V7, Enable 
Input 
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• 
C32I 


Figure 
1. Functional 
Diagram 
and Circuit 
for Linear 
Regulator 
VI 


V2 
V3 
V4 
• 
C33 
=1 


______ 
Detailed Description 


External PNP pass transistors 
provide 
low-dropout 
linear 


outputs 
while minimizing 
regulator 
interaction 
and maxi- 


mizing 
line and load rejection. 
The switching 
regulators 


employ 
external 
switching 
transisitors 
to maximize 
effi- 


ciency 
at low input voltages. 


DC-DC convertor 
output 
current 
is primarily 
determined 


by the selected 
inductors 
and transistors. 
Inductors 
and 


transistors 
for several 
voltage 
and 
current 
outputs 
are 
listed in Table 
1. 


A "speed-up" 
capacitor 
(C29) 
(see 
Typical 
Operating 


Characteristics, 
page 
1) appears 
in dotted 
lines across 
the base resistor of the DC-DC converter's 
output transis- 


tor. This capacitor 
reduces 
switching 
time and increases 


efficiency 
by about 
2%. 
It may be omitted 
if efficiency 
improvement 
is not 
needed. 
Linear-regulator 
(V1-V4) 


output current 
is determined 
by the current capability 
of 


REGULATOR 
TRANSISTOR 
INDUCTOR' 
VOUT 
lOUT 


(V) 
(mA) 


V5 
2N2907A 
470~H CB 7070-33 
-5 
-30 


V5 
2N2907A 
390~H CB 7070-32 
-5 
-36 


V5 
ZTX750 
100~H CB 7070-25 
-5 -100 


V6 
2N2907A 
220~H CB 7070-29 -18 
-17 


V6 
ZTX750 
82~H CB 7070-24 
-26 
-30 


V6 
ZTX750 
100~H CTX100-3 
-26 
-28 


V7 
2N2222A 
470~H CB 7070-33 
15 
14 


V7 
2N2222A 
220~H CB 7070-29 
15 
30 


the selected 
output 
PNP pass transistors. 
The 2N2907 A 


transistors 
in Figure 
1 can provide 
load currents 
up to 


approximately 
600mA. 


The Caddell-Burns 
(CB) inductors 
are ferrite-bobbin 
cy- 
lindrical coils and the Coiltronics 
(CTX) is a surface-mount 


toroidal 
inductor. 


Linear Regulators 


Linear-regulator 
output 
current 
is a function 
of the se-D 
lected 
PNP pass transistors. 
As the input voltage 
rises, 


power 
dissipation 
in the transistor 
limits the safe output 


current. 
Very 
little 
power 
is 
dissipated 
in 
the 


MAX714/715/716 
devices, 
but each transistor 
must dis- 
sipate 
(VCC-VOUT) x lOUT 
Consult 
the pass-transistor 


data sheets for power-dissipation 
and thermal-resistance 


limits. 


To maintain stability, 
1OlJ.Foutput capacitors 
are required 


at the V2-V4 
linear 
regulator 
outputs 
150lJ.F is recom- 
mended 
at V1, as it serves as the V2-V4 reference, 
and 


V1 output 
ripple 
may 
feed 
through 
to other 
regulator 


outputs. 


For V2-V4, use these minimum 
capacitor 
values: 


ILOAD 500mA - 100lJ.F 
ILOAD 50mA 
- 10lJ.F 


Outputs 
B1-B4 
drive 
the 
bases 
of external 
PNP pass 


transistors 
and 
sink 
a minimum 
of 10mA. 
The output 


voltage 
at the collector 
of the external 
PNP transistor 
is 


sensed 
at S1-S4 to maintain 
regulation. 
When an output 


is turned 
off, the base-drive 
output 
rises to VCC (or BT 
whichever 
is higher), turning 
off the pass transistor. 


Short-circuit 
current 
limiting 
and thermal 
shutdown 
are 


not implemented 
in the regulator 
outputs. 
Consequently, 
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short-circuit 
current is limited only by the maximum 
81-84 
sink current (85mA) and the transistor 
current gain (beta). 


During standby, 
when theON 
input is 10worVee 
< 4.95V, 
81 
is limited 
to 1OO~A to reduce 
power 
consumption 
during 
dropout 
(dropout 
occurs 
when 
Vee 
falls below 
5V). During start-up, V2-V4 base currents 
limit at approx- 
imately 0.5mA for about 4ms to prevent large load-current 
transients. 
The external 
PNP transistors 
should 
have 
betas above 
100 and fl above 200M Hz. Typical 
transis- 
tors are 2N2907A 
and 2N3905. 


All 5V outputs 
have a tolerance 
of ±5% over the specified 
Vee 
input 
voltage, 
output 
current, 
and 
temperature 
ranges. 
V1 serves 
as the 
reference 
for all other 
5V 
outputs 
to maintain 
optimum 
tracking 
between 
outputs. 


Switching 
Regulators 


Inverters 


Figures 3 and 4 show typical 
operating 
circuits 
for the V5 
and V6 inverting 
regulators. 
V5's feedback 
input (S5) is 
kept at OV in regulator 
5. 
In regulator 
6, S6 is digitally 
adjusted 
from OVto + 1.25V, providing 
a variable negative 


supply 
for LCD power. 


When V5 (Figure 3) becomes 
less negative 
than the level 


set by the R23 and R24 resistor 
dividers, 
85 toggles 
at 


the oscillator 
frequency 
(fose 
varies with Vee; see Elec- 


trical 
Characteristics), 
turning 
on 019 
when 
85 is low. 
When 019 turns on, current 
increases 
in the L8 inductor, 
storing 
energy 
in its magnetic 
field. 
When 
019 
is off, 
current 
flows through 
L8 in the same 
direction, 
flowing 
from 
C35 through 
D8, making 
V5 more 
negative. 
As 


inductor 
energy is transferred 
to C35, the inductor current 
decays 
linearly to zero and its magnetic 
field collapses. 
V6 (Figure 4) operates 
similarly to V5, except 
its output is 


varied 
by a digital 
input signal at V6. 


IC35 


The 85 and 86 outputs 
are suitable 
for driving 
external 


PNP or logic-level 
P-channel 
MOSFET switching 
transis- 
tors (such as the Siliconix 
SMD10P05L); 
however, 
PNP 


transistors 
are less expensive 
for input voltages 
below 7V. 


Likewise, the 87 output can drive a logic-level 
N-channel 
MOSFET such as the Siliconix 
Si9956DY. 


The 
output 
voltages 
of V5 and 
V6 are 
set 
by these 
equations: 


R24 = -V5 x (R23/5) 
R27 = -R26 x (V6-VTH)/(5-VTH), 
VTH = OV to +1.25V 


The V6 output (Figure 4) is generated 
in the same fashion 
as V5, except 
that the S6 threshold 
can be varied 
from 
OV to + 1.25V with an internal 
5-bit (32 step) 
DAC. The 


DAC 
is incremented 
by pulsing 
U6 and 
can 
only 
be 
incremented 
in one direction 
(more negative). 
To reduce 
the voltage 
(less 
negative), 
the 
DAC 
must 
loop 
com- 
pletely 
around; 
to decrement 
by one step, 
U6 must be 
clocked 
31 times. The DAC is set to OV during 
standby 
and whenever 
V6 is turned 
off. 


V6's output 
voltage 
range 
is set by an external 
resistor 
divider connected 
between V1 (used as a reference) 
and 
V6 (see Table 2). A good typical 
value for R26 is 150kQ. 


The ratio of the resistors 
to each other sets the voltage 
ranges as follows. 
Choose the high value to be within the 
absolute 
maximum 
of the display. 


TABLE 
2: V6 (LCD POWER) 
VOLTAGE 
RANGE 


R27/R26 
RATIO 
V6 OUTPUT 
VOLTAGE 
RANGE 
(V) 


6:1 
-3010 -21.3 


5:1 
-2510 -17.5 


4:1 
-2010 -13.8 


3:1 
-1510-10 


2:1 
-1010-6.3 


1:1 
-510 -2.5 
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Step-Up 
Converter 


Regulator 
V7 operates 
similiarly to V5, except that it steps 
up rather than inverts. 
In Figure 5, the feedback 
input 
(S7) is kept at 1.25V. 
B7 swings from OVto Vee, and can 
drive either the gate of an N-channel 
power MOSFET or 


the base of an NPN transistor. 
When V7 is at the desired 


voltage, 
B7 remains low, keeping 
021 off. When V7 falls 
below the preset level, B7 switches 
021 on and off at the 


clock 
frequency. 
When 021 
turns off, inductor 
current 
flows through 
010 
into C41, and VOUT rises. 
R30 is set 
by: 


AIIAXIAII 


MAX71_ 


L10 


010 


V7 


R29 


R30 r 


021 


Switching 
Frequency 
and Soft Start 


The 
switching 
frequency 
is set by an internal 
oscil- 
lator. 
The 
oscillator 
high 
period 
(switch-on 
time) 
is 
inversely 
proportional 
to Vee 
and 
peak 
inductor 
cur- 
rent remains 
constant 
over variations 
in input voltage. 
The high 
period 
is typically 
1136~s 
with Vee = 5.5V, 


and 
57~s 
with Vee 
= 11V. The low period 
(off time) 


is typically 
125~s 
and 
is independent 
of Vee. 


A soft-start circuit limits the oscillator 
duty cycle at start-up 
by enabling 
the switch 
during 
every 8th oscillator 
cycle 


only. 
The soft-start 
duration 
is approximately 
4ms. This 
prevents 
large current 
drain at turn-on. 


Board Layout and Grounding 


Since the V5-V7 DC-DC converters 
use feedback 
control 
circuitry, 
it is important 
to minimize 
the lengths 
of GND 


connections 
and feedback 
points. 
Minimize 
the size of 


the connections 
between 
S5, S6, S7, and the respective 
resistors, and place the transistors' 
output bases as close 
as possible 
to the respective 
B5, B6, and B7 base pins. 
The traces connecting 
the Vee pins to the input capacitor 


(C28 
or C31 
in 
Typical 
Operating 
Circuits) 
must 
be 
/I.'I/JXI/I.'I 


separate 
from the high current traces of the linear switch- a: 
ing circuits. 


Switching-Regulator 
Components 
~ 


Inductor 
Selection 
>c 


The output 
power 
of each switching 
regulator 
depends 
~ 
on the selected 
inductor 
and switching 
transistor. 
Table 
•••• 


1 lists components 
for two ranges 
of output 
current 
(see 
~ 


Typical Operating 
Characteristics). 
Other inductor 
types 
.;::'i 
may also 
be used, 
but be sure to observe 
their 
peak 
., 
current 
ratings. 
•••• 


For the output 
power 
levels given 
in Table 
1, Caddell- .se 


Burns 7070 inductors 
were used. 
However, 
smaller size 
~ 
inductors 
may be used in low output-current 
applications. 
•••• 


. In general, 
higher 
internal 
resistance 
and lower current 
"'" 


ratings 
reduce 
efficiency 
and 
increase 
the chance 
of v, 
inductor 
saturation. 
Be 
sure 
to 
observe 
the 


manufacturer's 
ratings 
on 
substitute 
coils. 
Coiltronics 


produces 
surface-mount 
inductors 
that 
have 
relatively 


high-power 
capacity 
compared 
to their size 
For alter- 
nate 
output 
voltage, 
current 
values, 
or coil 
selection, 


contact 
Maxim's 
applications 
department. 


Coil saturation 
is the most likely cause of poor efficiency, 


overheating, 
and 
component 
damage 
in switching- 
regulator 
circuits. 
Test 
for saturation 
by applying 
the 


maximum 
load 
over the full input 
voltage 
range 
while 


monitoring 
the inductor 
current with a current 
probe. The __ 


normal 
inductor-current 
waveform 
is a sawtooth 
with a ••••• 
linear 
increase 
and 
decrease 
of current. 
Saturation 


creates a nonlinear current waveform 
where current slope 


increases 
as the current 
level rises. 


Capacitor 
Selection 


The V5-V7 output 
ripple 
contains 
two elements. 
One is 


the result of change 
in the stored 
charge 
on the filter 
capacitor 
with each current 
pulse. The other element 
is 


the effect 
of the capacitor's 
charge/discharge 
current 


and its equivalent 
series resistance 
(ESR). With low-cost 


aluminum 
electrolytic 
capacitors, 
ESR-produced 
ripple 


may 
sometimes 
be 
greater 
than 
that 
caused 
by 
the 


change 
in charge 
Consequently, 
high-quality 
aluminum 


or tantalum 
filter capacitors 
minimize 
output 
ripple, 
even 


when smaller capacitance 
values 
are used. Best results 


at 
reasonable 
cost 
are 
achieved 
with 
a high-quality 


aluminum 
electrolytic 
capacitor 
in parallel 
with a 0.1 ~F 
ceramic 
capacitor. 
For 
V5-V7, 
the 
MAXC001 
or 
equivalent 
capacitor 
is recommended 
for an output filter. 


The 
Typical 
Operating 
Circuit 
on 
page 
11 
shows 


capacitors 
C8-C10 as dashed 
lines connected 
in parallel 
with 
the 
base 
resistors 
of transistors 
05-07. 
These 


capacitors 
improve 
efficiency 
by about 2% by reducing 


switching 
time, but can be omitted 
if component 
count is 


critical. 
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Rectifier 
Selection 


Since 
the 
current 
in the 
external 
rectifiers 
switches 
abruptly, 
they must have a fast turn-on 
time to minimize 
losses. For low-power 
circuits with peak inductor 
currents 
less than 1OOmA, signal diodes such as 1N4148s perform 
well. 
In higher-power 
applications, 
or for maximum 
ef- 
ficiency 
at 
low 
power, 
Schottky 
rectifiers 
are 
recom- 
mended. 
Although 
1N4001 s and other general-purpose 
rectifiers 
are rated for high currents, 
they are unaccep- 
table because 
their slow turn-on times result in excessive 
losses. 
Since 
Schottky 
rectifiers 
tend 
to have 
limited 
breakdown 
voltage, 
be careful to observe this limit, espe- 
cially 
in the V6 and 
V7 inverting 
regulators. 
When 
the 
switch turns on, the voltage at the inductor-diode 
junction 


is pulled 
to VCC. When the switch turns off, this junction 


"flies back" to the negative 
output. 
If the V7 output is -26V, 
the diode reverse voltage 
is + 11V - (-26V), or +37V, which 


is why the higher rated (40V) 1N5819 is used. 
____ 
System Operating Modes 


There are three system operating 
modes: 


Battery Backup 
Standby 
Operating 


Battery·Backup 
Mode 


In battery-backup 
mode, V1 provides 
a low current output 
to maintain 
CMOS 
RAM and/or 
a real-time 
clock. 
The 
input to V1 is supplied 
by the backup 
battery when VCC 
is less than the backup-battery 
voltage. 
This will happen 


when 
the 
main 
battery 
is discharged, 
the 
line 
power 
switch 
is disconnected, 
or the 
main 
battery 
is being 


replaced. 
Battery-backup 
mode is entered whenever 
the 


voltage 
at BT is higher 
than VCC. Supply 
current 
in this 


state is less than 15JlA maximum 
with a 3V backup-bat- 


tery voltage. 


In battery-backup 
mode: 


1) V1 connects 
to BT via an internal 500Q switch. 


2) All other outputs 
(V2-V7) turn off 
3) S2-S4 connect 
to GND via internal 
5kQ resistors. 
4) ON and RS outputs 
are low. 


5) All digital 
inputs 
are ignored. 
The allowed 
digital 
input range is OV to V1. 


currents 
may raise the BT-terminal 
voltage 
to a level that 
causes 
erroneous 
switchover 
to the battery 
backup. 
The 
BT input range is 2.3V to 4.0V. 
BT voltage above 4V may 
damage 
external transistors. 


Standby Mode 


Standby 
is entered from the operating 
mode when the ON 
input is low. The purpose 
of standby 
is to minimize 
power 
consumption 
between 
periods 
of normal operation. 
The 
MAX714/715/716 
also enter standby 
if VCC falls to ap- 
proximately 
4.95V (4.70V min). 
Operating 
circuitry 
must 
be shut down by the system processor 
before standby 
is 
entered; 
this prevents 
data 
loss that might 
result 
from 
power supplies 
turning 
off without 
warning. 
The low bat- 
tery output 
provides 
early warning 
so that data can be 
saved. 


In standby 
mode: 


1) V1 = 5V (or VCC, whichever 
is lower). 
2) B1 output current 
is limited to 100JlA typo 


3) V2-V7 are off 


Standby 
mode 
is also entered 
from the battery-backup 
mode whenever 
VCC rises above 
BT. 


The MAX714/715/716 
power 
up in standby 
mode. 
The 
V1 output current is limited to 1OOJlAtimes the beta of the 
pass transistor. 
If V1 's load current 
is too high on power- 
up, there may be insufficient 
output current to regulate 
at 
5V. For a transistor 
beta of 200, the load on V1 during 
power-up 
should 
be no more than 20mA. 


Operating Mode 


Operating 
mode 
is entered 
from standby 
by driving 
the 
ON 
input 
high. 
Vcc 
MUST 
be above 
the 
low battery 
warning 
threshold 
to enter the operating 
mode. V2 turns 
on, but the other 
regulators 
(V3-V7) 
are controlled 
by 
E3-E7 regulator 
enable 
inputs. 


LBO Warning and RS Outputs 


The low battery output (LBO) is normally 
a logic high (the 
V1 voltage). 
When VCC falls to approximately 
5.16V, LBO 
goes 
low. In a typical 
application, 
LBO drives 
the non- 
maskable 
interrupt 
(NMI) input of a microprocessor 
(JlP). 


When LBO goes low, the JlP should 
perform 
an orderly 
shutdown 
of 
the 
system, 
including 
turning 
off 
all 
MAX714/715/716 
regulators. 
This shutdown 
should 
be 
completed 
before VCC falls more than 240mV below the 
low-battery 
warning 
threshold. 
When 
Vcc 
falls to ap- 
proximately 
4.92V, standby 
mode begins 
whether 
or not 
standby 
has been commanded 
by the JlP. All supplies 
except 
V1 are turned off. 


RS goes low during 
battery-backup 
and standby 
modes. 
It remains low for approximately 
230ms after the ON input 
rises, and VCC is above 
the warning 
threshold. 


Changing 
Batteries 


The V1 regulator 
picks 
the higher 
of either 
VCC or BT. 


Either the main battery (at VCC) or the backup 
battery (but 
not both) may be removed 
without loss of backup 
power. 
The 
VCC rate-of-rise 
must 
be 
limited 
to 
W/JlS during 
power-up. 
The BT rate-of-rise 
need not be controlled. 


The BT input 
must 
be connected 
to GND 
if a backup 
battery 
is not used. 
If BT is left unconnected, 
leakage 
4·44 
_ 
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;G.~01f~~1PF 


R12 
470n 


+ 
C28 


~Ml~Oft01 


L6 


(SEE COMPONENT 
SELECTION) 


C22 


470pF 


:---1f---; 


C21 
470pF 
;--1 f--1 


V7 


R7 
V5 
910k 


C9 
R8 
470pF 
82k 
~--1h 
Vl 
, 
, 


V2 


V3 
;_G.81f~!1PF 


T 
T 
T 
C4 
C1:t 
C2 
AIIAXIAII 
R3 
101l~;&ctoT lOIlF 
MAX716 
470n 
L1 


(SEE 
Rl 


V5-V7 
COMPONENT 
240k 


SEE 
SELECTION) 


TABLE 1 
R2 
240k 


.•••VI .•••JX 
I .•••VI 
4-45 


+ 
C28 
I Ml~Ofto1 
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E7 


E6 


E5 


21 
U6 


E3 


AS 


57 


87 


56 


86 


55 


85 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX716CPI 
O·C to +70·C 
28 Plastic 
DIP 


MAX716CWI 
O·C to +70·C 
28 Wide SO 


MAX716C/D 
O·C to +70·C 
Dice' 


MAX716EPI 
-40·C to +8S·C 
28 Plastic DIP 


MAX716EWI 
-40·C to +8S·C 
28 Wide SO 


MAX716MJI 
-SS"C to + 12S·C 
28 CERDIP 


MAX716EVKIT 
Evaluation 
Kit 


U6j 
E4 


E3 


R5 


57 


0.163" 


(4.14 mm) 


"' j 


0.130" 


(3.30 mm) 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 
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Palmtop Computer and 
Flash Memory Power-Supply 
Regulators 


_____________ GeneraIDescription 


The 
MAX717-MAX721 
CMOS 
power-supply 
ICs create 
dual, 
regulated 
DC outputs 
for small, 
battery-operated 
microprocessor 
systems. 
Each device 
generates 
a main 


output (3V or 5V, selectable) and an auxiliary output for flash 
memory or PCMCIA (5V or 12V, selectable). 
Each device 
accepts 
up to three input voltages. 
Power can come from 
a main battery (two or three alkaline or NiCad), a lithium 
backup 
battery, or an unregulated 
DC source such as an 
AC-DC wall adapter. 
. 


The MAX717-MAX721 
provide 
three 
improvements 
over 
prior-art devices. Physical size is reduced - the high switch- 
ing frequencies 
(up to 0.5MHz) made possible by MOSFET 


power transistors 
allow for tiny «5mm 
diameter) 
surface- 


mount 
magnetics. 
Efficiency 
is improved 
to 87% 
(10% 
better 
than with 
low-voltage 
regulators 
made 
in bipolar 
technology). 
And supply 
current 
is reduced 
to 60~ 
by 
CMOS construction 
and a unique constant-off-time 
pulse- 
frequency 
modulation 
(PFM) control scheme. 


The MAX717 -MAX721 
differ only in shutdown 
and status 
functions 
and in the choice 
of a 3.0V or 3.3V main output 


(see Device 
Options). 


For LCD-bias 
applications 
requiring 
an adjustable 
nega- 


tive voltage, 
refer to the MAX722/MAX723 
data sheet. 


Palmtop Computers 


Flash-Memory/PCMCIA 
Power Supplies 


Portable 
Data-Collection 
Equipment 


Medical 
Instrumentation 


Portable 
Data Communicators 


FB12 


9 
PFO 


______________________ 
Features 


• 
Low 0.9V to 5.5V Battery Operating 
Range 


• 
Unregulated 
7V to 20V DC Input Range 


• 
Dual Regulated 
Outputs 
Main Output: 
3.3V/5V 
Auxiliary 
Output: 
5V/12V 


• 
87% Efficiency 
at 200mA 


• 
Efficiency 
PRAM Keep-Alive: 
80% at 1mA 


• 
8W/in3 Power Density 


• 
60j.tA Quiescent 
Current 


• 
20j.tA Shutdown 
Mode with VREF Alive 
(MAX720/MAX721 
only) 


• 
500kHz 
Maximum 
SWitching 
Frequency 


• 
±1.5% VREF Tolerance 
Over Temp 


• 
Detect Output 
Power Failures 


• 
Detect Presence 
of AC Power 


• 
16-Pin Narrow 50 Packages 


LX3 
012 


CS12 


AllAXIAII 
MAX711 


CONTROL 
INPUTS 
(4) 


UNREGULATEO 
OC SOURCE 


(WALL AOAPTER) 


STATUS 
OUTPUTS 
(2) 
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Palmtop Computer and LCD 


Power-Supply 
Regulators 


_______ 
General Description 


The MAX722 and MAX723 CMOS power-supply 
ICs cre- 


ate dual regulated 
DC outputs for small, battery-operated 


microprocessor 
systems. 
Each device 
generates 
a main 


output 
(3V or 5V, selectable) 
and 
a negative 
auxiliary 
output that is adjustable 
for LCDs. 
Each device accepts 
two input voltages. 
Power can come from a main battery 


(two or three 
alkaline 
or NiCad), 
or an unregulated 
DC 


source 
such as an AC-DC wall adapter. 


The MAX722/MAX723 
provide 
three improvements 
over 
prior-art devices. 
Physical size is reduced: the high switch- 


ing frequencies 
(up toO.5MHz), made possible by MOSFET 


power transistors, 
allow for tiny «5mm 
diameter) 
surface- 


mount magnetics. 
Efficiency is also improved to 87% (10% 
better 
than with 
low-voltage 
regulators 
made 
in bipolar 


technology). 
And supply 
current is reduced 
to 60~ 
by 
CMOS construction 
and a unique constant-off-time 
pulse- 
frequency 
modulation 
(PFM) control scheme. 


The MAX722 
and MAX723 
differ only in the lower fixed 
output 
voltage 
of the main regulator, 
with a 3.3V output 
for the MAX722 and a 3.0V output for the MAX723. 


For flash memory 
or PCMCIA applications 
that require a 
+ 12Voutputvoltage, 
refer to the MAX717-721 
data sheet. 


Palmtop Computers 


LCD Contrast 
Control 


Portable 
Data-Collection 
Equipment 


Portable 
Data Communicators 


Medical 
Instrumentation 


Bar-Code 
Scanners 


lX3 


GND 


UN 


DlOW 


DHI 


CS- 


___________ 
Features 


• 
Low 0.9V to 5.5V Battery 
Input Range 


• 
Unregulated 
7V to 20V DC Input Range 


• 
Dual Regulated 
Outputs 
Main Outp.ut: 
3.3V/5V 
Auxiliary 
Output: 
OV to -100V 


• 
87% Efficiency 
at 200mA 


• 
Efficient 
PRAM Keep-Alive: 
80% at 1mA 


• 
8W/in3 Power Density 


• 
SOIlA Quiescent 
Current 


• 
20llA Shutdown 
Mode with VREF Alive 


• 
500kHz 
Maximum 
Switching 
Frequency 


• 
±1.5% VREF Tolerance 
(Over Temp.) 


• 
Detect Output 
Power Failures 


• 
1S-Pin Narrow SO Packages 
______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX722CSE 
O·Cto 
+70·C 
16 Narrow 
SO 


MAX722C/D 
O·C to +70·C 
Dice" 


MAX722ESE 
-40·C to +8S·C 
16 Narrow 
SO 


MAX723CSE 
O·C to +70·C 
16 Narrow SO 


MAX723C/D 
O·C to +70·C 
Dice" 


MAX723ESE 
-40·C to +8S·C 
16 Narrow SO 


MAX722EVKIT-SO 
O·C to +70·C 
Evaluation 
Kit- 
Surface 
Mount 


UNREGULATED 
DC SOURCE 
(WAll 
ADAPTOR) 


~ 


CONTROL INPUTS (3) 


POWER-FAil 
DETECT OUTPUT 


Palmtop 
Computer and LCD. 


Power-Supply 
Regulators 


. +7V, 
-0.3V 


.... 
+7V, 
-0.3V 


.......... 
+20V, 
-0.3V 


Continuous 
Power Dissipation 
(TA ; 
+ 70·C) 


Narrow SO (derate 
8.70mWrC 
above 
+ 70·C) 
.... 
696mW 


Operating 
Temperature 
Ranges: 


MAX72_C_. 
. . . . . . . . . . . . . . .. 
O·C to +70·C 
MAX72_ESE 
. . . . . . . . . . . . . . . . . . 
. 
-40·C to +8S·C 
JunctionTemperature 
+1S0·C 
Storage Temperature 
Range 
-6S·C to + 160·C 


Lead Temperature 
(soldering, 
10 see) 
+300·C 


Supply 
Voltage 
(V+ to GND) 


Switch Voltage 
(LX3 to GND) 
. 


Linear Regulator 
Voltage 
(UN to GND) 
Auxiliary 
Pin Voltallils __ 
(NEGON, 
FB3, 3/S, SHDN, 
FBN, DHI, DLOW, VREF, 


PFO, CS+, CS- to GND) 
. 
-0.3V 
to (V+ + 0.3V) 


Ground 
Voltage 
Difference 
(AGND to GND) 
. 
. ±O.3V 
Feedback 
Input Current 
(FBN) 
±10mA 
Reference 
Current 
(IVREF) 
2.SmA 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
condilions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Circuit 
of Figure 
1, VBATI1 
; VBATI2; 
2.SV, ILOAD; 
OmA, TA; 
TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


2V < VBATI1 
< 3V, 
3/5; 
3V 
MAX722 
3.17 
3.3 
3.43 


Main Output 
Voltage- 
OmA < ILOAD < 200mA, 


Main SMPS Mode 
DC SOURCE; 
OV 
MAX723 
2.88 
3.0 
3.12 
V 


(Note 1) 
3/S; 
OV 
4.8 
S.O 
S2 


MAX722 
3.17 
3.3 
3.43 


Main Output 
Voltage- 
7V < DC SOURCE < 18V, 
3/S; 
3V 


linear-Regulator 
Mode 
OmA < ILOAD < SOOmA 
MAX723 
2.88 
3.0 
3.12 
V 


3/S; 
OV 
4.8 
S.O 
S.2 


2V < VBATI2 
< SV, VBATI1 
; 2.SV, 


Auxiliary 
Output 
Voltage 
External 
Reference; 
3V, R4 ; 
170k, 
-18 
-17 
-16 
V 


RS ; 30k, OmA < ILOAD < SmA 


FBN Input Offset Voltage 
3/S; 
OVor 
3V 
±2 
±20 
mV 


FBN Input Bias Current 
FBN forced 
to OV 
-S 
±100 
nA 


Minimum 
Start-Up 
Supply 
ILOAD; 
OmA 
08S 
V 
Voltage 
(VBA TI1) 


Minimum 
Start-Up 
Supply 
7.3 
7.6 
V 
Voltage 
(DCSOURCE) 


Current-Sense 
Limit Threshold 
Measured 
at CS+, CS- 
170 
200 
230 
mV 


DHI Source Current 
3/S; 
3V 
SO 
mA 


DLOW On Resistance 
3/S; 
3V 
S 
Q 


Quiescent 
Supply 
Current from 
NEGON 
; OV, 3/S ; 3V, 


3VOUT (Note 2) 
FB3 forced 
to 3.47V 
(MAX722) 
60 
l!A 


FB3 forced 
to 3.1SV (MAX723) 


Battery Quiescent 
Current 
NEGON 
; OV, 3/5 ; 3V 
60 
l!A 
(VBATI1 
+ VBATI2) 


Shutdown 
Battery Current 
NEGON 
; OV, 3/S ; 3V, SHDN ; OV 
20 
40 
l!A 


Battery Quiescent 
Current - 
DC SOURCE; 
7V, 3/5; 
OV, measured 
at VBA TI1 
-10 
10 
l!A 
Linear-Regulator 
Mode 


Linear -Regulator 
Output 
UN; 
6V, 3/5 ; 3V, measured 
at UN 
20 
SO 
mA 
Sink Current 


Reference 
Voltage 
NoVREF 
load 
1.23 
1.2S 
1.27 
V 


3/S; 
3V, 


TA; 
+2S·C 
10 
20 
Reference 
Load Regulation 
-20l!A < REF load < 2S0l!A 
TA; 
TMINto 
mV 


TMAX 
2S 


Palmtop Computer and LCD 


Power-Supply 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Circuit 
of Figure 
1, VBATT1 = VBATT2 = 2.5V, ILOAD = OmA, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Power-Fail Threshold 
3/5 = OV or 3V, falling edge, referred to no-load output volt- 
-4 
-6 
-8 
% 
age 


Power-Fail 
Hysteresis 
3/5 = OVor 3V 
2 
% 


PFO Output 
Voltage 
Low 
ISINK = 2mA, 3/5 = NEGON 
= OV 
04 
V 


PFO Output 
Current 
High 
PFO = 4.8V, 3/5 = OV 
1 
f.lA 


Logic 
Input Voltage 
Low 
Measured 
at NEGON, 
SHDN, 3/5 
04 
V 


Logic 
Input Voltage 
High 
Measured 
at NEGON, 
SHDN, 3/5 
1.6 
V 


Logic 
Input Current 
±100 
nA 


Note 1: 
The main SMPS output 
voltage 
at full load current 
is guaranteed 
by measuring 
LX3 switch on resistance 
and peak current 
limit threshold. 


Note 2: 
Supply 
current 
from 3VOUT is measured 
with an ammeter 
between 
the main output 
3VOUT and FB3. 
This current 
correlates 


directly 
with actual 
battery 
supply 
current, 
but is reduced 
in value according 
to the step-up 
ratio and efficiency. 


L1 
22~H 


15 
LX3 


.MAXIAiI 


MAX722 CS- 
10 


02 
13 


L1N 
2N2955 
R2 
FBN 


3300 


3/5 
VREF 


DC 


SOURCE 


SHUTDOWN CONTROL 


AUXILIARY SMPS ON/OFF 


3V/5V SELECT 


Power-Supply 
Regulators 


•••• 
Typical Operating Characteristics 
.- 
~ 


EFFICIENCY YS, LOAO CURRENT, 


~ 


EFFICIENCY YS. LOAD CURRENT, 
EFFICIENCY YS. LOAD CURRENT, 


MAIN SMPS IN 5V MODE 
MAIN SMPS IN 3.3V MODE 
AUXILIARY SMPS 


~ 


90 
90 
90 


~ 


80 
80 
80 


VBATI =+,';' 


~ 
~ 
70 
~ 
70 
~ 
70 


~ 


>- 
>- 
>- 
u 
u 
u 
as 
as 
as 
i 


u 
60 
u 
60 
u 
60 
~ 
~ 
~ 


SO 
CIRCUIT OF FIG 1 
SO 
CIRCUIT OF FIG. 1 
SO 


~ 


TA = +2S'C 
TA = +2S'C 


3/5 = OV 
3/5 = +3V 


40 
1111 
40 
40 


~ 
100~ 
1m 
10m 
100m 
100~ 
1m 
10m 
100m 
loo~ 
1m 
10m 
100m 


~ 


LOAO CURRENT (A) 
LOAO CURRENT (A) 
LOAO CURRENT (A) 
i 


LOAD CURRENT CAPABILITY YS. 
SWITCHING FREQUENCY 
BATTERY QUIESCENT CURRENT YS. 


BATTERY VOLTAGE, MAIN SMPS 
YS. LOAD CURRENT 
BATTERY VOLTAGE, MAIN SMPS = 3.3V 


1000 
1M 
300 


CIRCUIT OF FIG. 1 


800 
2S0 
DIODE OUTSIDE OVEN 
3/5 = +3V 
:E. 
1 


INCLUDES CAPACITOR 


<i' 
>- 
200 
LEAKAGE 
.s 
u 
I 


>- 
600 
as 
~ 


::>i 


::> 
lS0 
u 
::> 
>- 
u 
400 
'" 
as 
<::> 
z 
u 
100 
<C 
:;: 
~ 
+8S'C 
'3 
~ 
=:; 


200 
CIRCUIT OF FIG. 1 
~ 
0 
+2S'C 
TA=+2S'C 
SO 
-20'C 


0 
10 
0 


1 
2 
3 
4 
10~ 
100~ 
1m 
10m 
100m 
1 
2 
3 


BATIERY VOLTAGE (V) 
LOAD CURRENT (A) 
BATIERY VOLTAGE (V) 


BATTERY QUIESCENT CURRENT YS. 
BATTERY QUIESCENT CURRENT YS, BATTERY 
SHUTDOWN BATTERY CURRENT 
BATTERY VOLTAGE, MAIN SMPS = 5V 
VOLTAGE, MAIN SMPS = 3.3V, 
AUX SMPS = ·17V 
YS. BATTERY VOLTAGE 


600 
600 
40 


SOO 
soo 


1 
1 
1 
30 
i 


400 
>- 
400 
>- 


300 
~ 
i 
::> 
::> 
300 
::> 
20 
u 
u 
+85'C 
u 
as 
as 
z;: 
u 
200 
u 
200 
+2S'C 
<::> 
~ 
~ 
CIRCUIT OF FIG 1 
f=' 
=:; 
=:; 
DIODES OUTSIDE OVEN 
-20'C 
::> 
10 
:I: 
0 
0 
INCLUDES CAPACITOR 
on 


100 
100 


LEAKAGE 


0 
0 
1 
2 
3 
1 
2 
3 
2 
3 


BATIERY VOLTAGE (V) 
BATIERY VOLTAGE (V) 
BATIERY VOLTAGE (V) 


4·52 
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START·UP BATTERY VOLTAGE 
REFERENCE VOLTAGE 


vs. LOAD CURRENT 
LOAD REGULATION 


21 
14 


CIRCUIT OF FIG. 1 
2.0 
3.3VMOOE 
12 
~ 
> 
~ 
<0 
1.8 
.§. 
10 
>:3 
z 
0 
0 
1.6 
~ 
> 
>- 
~ 


.2S·C 
::> 
1.4 
~ 
co 
0 
c.. 
« 
::> 
1.2 
g 
~ 
~ 
~ 
1.0 
g; 


CIRCUIT OF FIG 1 
3/5 = 3V 


10 
100 
1000 
SO 
100 
lS0 
200 
2S0 


LOAD CURRENT (mA) 
VREF LOAD CURRENT (JJA) 


MAIN SMPS LOAD· TRANSTENT RESPONSE 
DC·SOURCE SWITCHOVER - SMPS TO LINEAR 


VBATI = 2.SV 
HORIZONTAL = SO~s/div 
3/5 = OV 


ILDAD= 200mA 
HORIZONTAL = 200~s/div 
3/5 = OV 


ILDAD= 100mA 
HORIZONTAL = Sms/div 
3/5 = OV 


Palmtop Computer and LCD 
Power-Supply 
Regulators 


PIN 
NAME 
FUNCTION 


Shutdown Input disables both SMPSs 
-- 
when low, but the reference remains 
1 
SHDN 
alivELJilhe linear regulator is powered 
up, SHDN is overridden. 


Negative SMPSOn/Off Control Input 
2 
NEGON 
that enables the auxiliary negative 
SMPSwhen high. 


3 
3/5 
Selects the main output voltage setting - 
5Vwhen low. 


Power-FailOutput - an open-drain out- 


4 
PFO 
put that goes low to indicate that the 
main output is out of regulation by 6% 
or more. 


1.250VReference Voltage Output. 
Bypass with 022J.1Fcapacitor to AGND 
5 
VREF 
(O.lJ.1Fif there is no external reference 
load). Maximum load capability is 
250J.lAsource, 20J.lAsink. 


6 
AGND 
Quiet Analog Ground 


7 
FB3 
Feedback Input for the main SMPS 


8 
FBN 
Feedback Input for the auxiliary 
negative SMPS 


Positive Current-Sense Input for the 
9 
CS+ 
auxiliary SMPScontroller. 200mV 
corresponds with the maximum current 
limit threshold. 


10 
CS- 
Negative Current-Sense Input 


11 
DHI 
Driver for the auxiliary SMPSPNP.Open- 
drain P-channel output. 


Driverfor the auxiliarySMPSPNP.Open- 
drain N-channeloutput.Thisoutput 
12 
DLOW 
provides a controlledcurrent sinkto drive 
the PNP(set by an externallimitingresis- 
tor). 


Linear-Regulator Controller Output 
drives the external PNPpass transistor. 
13 
UN 
Open-drain N-channel output. The main 
SMPSautomatically shuts off when the 
voltage at UN reaches 7.3V, and turns 
back on when UN falls to 6.5V. 


14 
GND 
PowerGround 


15 
LX3 
1.2A,0.40 N-channel power MOSFET 
drain for the main SMPS. 


______ 
Detailed Description 


Operating Principle 


The MAX722/MAX723 
combine 
two switch-mode 
power- 
supply 
(SMPS) regulators, 
a linear regulator, 
a precision 
voltage reference, and a power-fail detector (Figure 2). For 
maximum 
integration, 
the MAX722/MAX723 
ICs contain 


internal N-channel 
power MOSFErs 
for the main low-volt- 
age boost converter. 
This MOSFEr 
is a "sense-FEr" 
type 
for best 
efficiency, 
and 
has a very 
low gate-threshold 
voltage 
to guarantee 
start-up 
under 
low battery-voltage 
conditions 
(12V 
typ 
with 
100mA 
load). 
The 
negative 
auxiliary controller 
exploits 
an external 
PNP transistor 
for 
the higher voltage requirement. 


Pulse·Frequency 
Modulation 


A unique 
minimum-off-time, 
current-limited, 
pulse-fre- 
quency modulation 
(PFM) control scheme is a key feature 
of both the main and auxiliary regulators 
(Figure 3). This 
PFM scheme 
combines 
the advantages 
of a pulse-width 
modulation 
scheme 
(PWM) (high 
output 
power 
and ef- 
ficiency) 
with those 
of a traditional 
PFM pulse-skipper 
(ultra-low 
quiescent 
currents). 
There 
is no oscillator; 


switching 
is accomplished 
through 
a constant 
peak-cur- 
rent limit in the switch, which allows the inductor 
current 
to self-oscillate 
between 
this peak limit and some lesser 
value. 
Switching 
frequency 
is governed 
by a pair 
of 
one-shots 
that set a minimum 
off-time 
(1Ils) and a maxi- 


mum on-time 
(4J.is). Under 
light loads, the inductor 
cur- 
rent rises 
to about 
one-half 
the current 
limit (for best 
light-load 
efficiency). 
Under 
heavy 
loads, 
the peak in- 
ductor 
current 
rises 
until 
it 
hits 
the 
current 
limit, 
whereupon 
the MOSFET switch turns off for the minumum 
off-time 
set by a one-shot. 
A switch 
to continuous-con- 
duction mode results, which minimizes 
peak currents 
and 
component 
stresses 
for a given 
load. 
The only disad- 
vantage of this architecture 
compared 
to full PWM opera- 
tion is the variable-frequency 
switching 
noise. However, 
the noise does not exceed the current-limit 
times the filter 
capacitor 
equivalent 
series resistance 
(ESR), unlike con- 
ventional 
pulse-skippers. 


Main 3V/5V Switch·Mode 
Regulator 


The main output 
voltage 
can be selected 
to 3.3V or 5V 
with logic control, or it can be left in one mode or the other 
by tying 3/5 to ground or FB3. 
Efficiency 
varies depend- 


ing on the battery 
and load, and is typically 
better than 
80% over a 1mA to 200mA 
load range. 
The device 
is 
internally bootstrapped; 
power is derived 
from the output 
voltage 
(via FB3) or the battery (CS+ input), whichever 
is 


higher. When the output 
is set at 5V instead 
of 3.3V, the 


higher 
internal 
supply 
voltage 
results 
in lower 
switch 


transistor 
on-resistance 
and 
slightly 
greater 
output 
power. 
Bootstrapping 
allows the battery 
voltage 
to sag 
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to less than 1V once the system is started. 
Therefore, 
the 
battery-voltage 
range is from VOUT + Vdiode to less than 
1V (where 
Vdiode is the forward 
drop 
of the Schottky 
rectifier). 
If the battery voltage exceeds 
the programmed 
output voltage, 
the output will follow the battery voltage. 
In many systems this is acceptable; 
however, 
the output 
voltage 
must not be forced 
above 
7V. 


The main regulator's 
peak current 
limit is internally 
fixed 
at 1A ±0.2A. 
The switching 
frequency 
depends 
on load 
and input voltage, 
and can range as high as 500kHz for 
the main SMPS. 


Auxiliary Negative Switch-Mode Controller 


The auxiliary 
controller 
operates 
similarly 
to the 
main 


regulator, 
except 
that the power 
transistor 
and 
sense 
resistor 
are external, 
and the maximum 
on-time 
is set at 


8~s. 
Maximum 
possible 
output 
power 
is limited 
by the 
choice 
of external 
power transistor 
and sense resistor. A 
common 
2N2907 works well as the switch transistor, 
but 


NEGOUT 
NEGATIVE 
R4 
22~F 
OUTPUT 
:r: 35V 


a high-gain 
fast PNP, such 
as the Zetex ZTX749 
(pre- 
ferred, 
but 
25V 
BVCEO) 
or 
ZTX750 
(40V 
BVCEO), 
provides 
typically 
5% better efficiency. 


The DHI and DLOW 
outputs 
provide 
a voltage 
source 
pull-up 
(DHI) and a current-sink 
pull-down 
(DLOW, 
set 
by the 470Q resistor). 
This drive method 
is optimal 
for 
PNP 
transistors, 
so 
no 
external 
base 
speed-up 
capacitors 
are needed. 


If the auxiliary regulator is always powered from a +5V source 
(such as the main output) or other relatively high-voltage 
input, a logic-level P-channel MOSFET in place of the PNP 
can provide typically> 
80% efficiency (Figure 4). 


The output voltage 
is set by R4 and R5 of Figure 
1: 


NEGOUT = -VREF(R4/R5) 


NEGOUT 
can be made adjustable 
by making 
R4 a po- 
tentiometer, 
or by disconnecting 
VREF and driving 
R5 
with a digital-to-analog 
converter 
or PWM signal. 


- 
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Figure 3. 
Main SMPS Block Diagram 


The auxiliary 
SMPS peak current 
limit is set at 200mV/R1 


(170mV worst-case 
low). 
The equations 
below calculate 
R1 based on design 
parameters. 
If the peak current limit 


is less than (NEGOUT) 
(1~sec/L), 
the circuit will operate 


in discontinuous-conduction 
mode. 
This is usually 
the 
case when low-voltage 
batteries 
and high LCD contrast 


voltages 
are employed. 
At low-output 
voltage 
settings, 
the circuit 
may enter continuous-conduction 
mode. 


Discontinuous-conduction 
case: 


( 


NEGOUT + VD) 
IPEAK= (2) (ILOAD) 
1 + VBATI 
_ VSW 


R1 = 200mV/lPEAK 


where 
VD is the forward 
voltage 
of the rectifier 
02 and 


VSW 
is the 
average 
saturation 
voltage 
of the 
switch 


transistor 
01, 
including 
the drop across 
R1. 


Discontinuous-mode 
example, 
-17V at 9mA from 2 AA 


batteries: 


( 


17V + 0.5V) 
IPEAK = (2) (9mA) 
1 + 2V _ 0.3V 
= 203mA 


R1 = 170mV/203mA 
= 0.83Q or less. 


Continuous-conduction 
case: 


( 
NEGOUT 
+ VD 
) 


IpEAK = (ILOAD) 
VBATI 
_ VSW +1 
+ 


( 
NEGOUT 
+ VD) (1 s) 


(2) (L) 
~ 


Continuous-mode 
example, 
-5V at 50mA 
from 3 AA 


batteries: 


( 


5V + 0.5V 
) 
IpEAK = 50mA 
2.7V _ 0.3V + 1 + 


( 
5V + 0.5V) 
(2) (47~H) 
(1~s) = 223mA 


Powering the Auxiliary 
LCD Supply 


The auxiliary output is not automatically 
powered 
from the 
linear regulator 
like the main output. 
The main battery will 
continue 
to drain if the auxiliary 
supply 
is not turned 
off 
when an external DC source is applied. 
There are several 


alternative 
solutions: 


1. 
Power the LCD supply 
from the main output 
all the 


time. 
This leads to compounded 
efficiency 
losses, but is 


simple. 
These compounded 
losses are actually not crip- 
pling in many cases, 
especially 
if the main output 
is set 


Palmtop Computer and LCD 


Power-Supply 
Regulators 


at 5V and the P-channel 
solution 
(Figure 4) is employed. 


For example, 
the overall efficiency 
for 2.5V to 5V at 50mA 
plus -17V at 5mA, when compounded 
by the P-channel 


circuit, 
is 81 % vs. 84% for the non-compounded 
case 
(with PNP transistor). 


2. 
Power the LCD supply 
from the main output 
in linear 
regulator 
mode, 
but power 
it from the battery when the 
DC source 
is absent. 
This 
provides 
the 
best 
overall 


efficiency, 
but requires a relay or MOSFET switch to make 
the switchover 
(Figure 5). 
In most applications, 
the bat- 


tery voltage 
is too low to use P-channel 
devices 
for the 
switchover, 
but a high-side 
supply, 
such as the MAX623 


charge-pump 
regulator 
(Figure 
6) or the system 
+ 12V 


supply, 
works well with N-channel 
switches. 
Switch over 


can also be accomplished 
using special AC/DC adapter 


plugs and jacks with built-in mechanical 
switches. 


3. Use a battery charger 
that can supply 
a load while it 


charges the battery, such as the MAX713. This approach also 
eliminates the PNP pass transistor for the linear regulator. 


Linear Regulator 


The linear regulator 
output drives the base of an external 


PNP pass transistor 
through 
an open-drain 
output. 
This 
design 
relies on a relatively 
slow PNP transistor 
for AC 


stability, 
so use a transistor 
with less than 
10MHz ft. or 


add 
a 111F base-emitter 
capacitor. 
The 
base-emitter 


resistor 
should 
not be higher 
than 
1kO unless 
a low- 


leakage 
PNP is used for the pass transistor. 


MAIN 
i 
BAnERY 


When 
constructed 
with 
a 2N2955 
PNP transistor, 
the 


typical 
output current 
capability 
is greater 
than 1A. 


When 
the linear 
regulator 
operates, 
the main SMPS is 


disabled 
so as not to drain the battery. 
This mode cannot 


be programmed, 
but occurs 
automatically 
when 
UN is 


pulled high by the external 
DC source. 


Voltage Reference 


The precision 
voltage 
reference 
is suitable 
for driving 


external 
loads 
such 
as a low-battery 
detection 
com- 


parator 
or an analog-to-digital 
converter. 
It has guaran- 


teed 
25011A source- 
and 
2011A sink-current 
capability. 


The reference 
is kept alive even in shutdown 
mode. 
If 
the 
reference 
drives 
an external 
load, 
bypass 
it with 


O.2211Fto ground. 
If the reference 
is unloaded, 
bypass 


it with a O.111Fcapacitor, 
minimum. 


Power·Fail Status Output 


The power-fail 
detector 
output 
(PFO) 
is an active-low, 


open-drain 
type. 
Although 
a true open-drain 
type, which 
can be wire-OR'ed 
with external 
logic, 
PFO is protected 


against 
ESD damag~ 
reverse-biased 
clamp 
diodes 


connecting 
to V+. 
If PFO is pulled 
up to external 
supply 


voltages 
above the main output voltage 
level, the pull-up 


resistor must limit the current through 
the ESD protection 


diode to 2511Aor less to maintain regulation of the outputs. 


The PFO comparator 
senses 
when 
the main 
output 
is 


more than 6% out of regulation, 
and has 2% hysteresis 


- 
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Figure 
6. 
High-Side 
MOSFET 
Switch 
Powers 
Auxiliary 
LCD 
Supply 


built in to prevent 
chatter. 
The PFO comparator 
is active 
in all modes 
except 
shutdown. 


Control·Logic Inputs 


The control inputs (3/5, NEGON, and SHDN) are high-im- 
pedance 
MOS gates protected 
against 
ESD damage 
by 


normally 
reverse-biased 
clamp 
diodes. 
If these 
inputs 


are driven 
from 
signal 
sources 
that 
exceed 
the main 
supply (FB3) voltage, 
the diode current should be limited 
to 25!JAor less by a series resistor (1 MQ suggested). 
The 
logic 
input thresholds 
are the same (approximately 
1V) 
In both 3V and 5V modes. 
Do not leave the control inputs 


floating. 


Substrate Switchover Circuit 


The substrate 
(V+, 
pin 16) is powered 
from either 
the 


battery 
(CS+ 
input) 
or 
from 
the 
main 
+3V 
output, 


whichever 
is higher. 
The substrate 
serves as the positive 


supply 
rail for most internal circuitry, 
including 
the refer- 
ence and the PNP driver (DHI). Do not load V+. V+ must 
be bypassed 
to ground 
with at least 0.1j.!F. 


Inductor Selection 


The inductors must have a saturation (incremental) 
current 


rating equal to the peak switch current limit, which is 1.2A 
(worst-case) 
for the main output and user-adjustable 
for the 


auxiliary output. 
However, it's generally acceptable 
to bias 


the inductor deep into saturation by 20% or more. 


Your 


AllAXIAII 


MAX661 


+12V AT 
25rnA 
I1J.1F 


AUXILIARY 
LCD 
OUTPUT 
(-17V) 


Figure 
7. 
MAX722/MAX661 
Triple-Output 
Supply 
with + 12V for 
Flash Memory 


3V 


LITHIUM 
- 
g:~~~~ 
Jo- 
lmH 
L1 
lN914 
lN914 


LX 


AllAXIAII 


MAX630 


+Vs 


TO/FROM 
SYSTEM 
J.1P 


The inductor's 
DC resistance 
significantly 
affects efficien- 


cy. For highest efficiency, 
limit L1's OCR to 0.03Q or less. 


Capacitor Selection 


A 100j.!F, 1OVSMT tantalum capacitor 
typically 
maintains 
50mVp-p 
output 
ripple 
when 
stepping 
up 2V to 5V at 
200mA. 
Smaller capacitors, 
down to 10j.!F, are accept- 
able for light loads or in applications 
that tolerate 
higher 
output ripple. 
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For the 
auxiliary 
output, 
a 2.2IlF, 
25V SMT tantalum 


capacitor 
typically 
provides 
100mVp-p output ripple when 


inverting 
3V to -17V at 5mA. 
Smaller capacitors 
down to 
11lFare acceptable. 


The ESR of both bypass 
and filter capaciiors 
affects ef- 


ficiency. 
Best performance 
is obtained 
by doubling 
up on 


the 
filter 
capacitors 
or 
using 
specialized 
low-ESR 


capacitors. 


The smallest 
low-ESR SMT tantalum 
capacitors 
currently 


available 
are Sprague 
5950 
series, which are about half 
the size of competing 
products. 
Sanyo OS-CON organic 


semiconductor 
through-hole 
capacitors 
also exhibit very 
low ESR. 


Sprague: 
(603) 224-1961 
or (207) 324-4140 
Sanyo 
(619) 661-6322 
____ 
Applications Information 


Lithium Backup-Battery 
Circuit 


The MAX630 
backup 
battery 
circuit 
of Figure 8 provides 
a low-current 
supply 
voltage 
of 3.3V or 5V to keep the 


system 
memory 
alive 
when 
the 
main 
battery 
pack 
is 
removed. 
When PFO goes 
low, the system 
must latch 


off the MAX722 
and latch on the MAX630, 
periodically 


testing 
for the presence 
main battery's 
by going 
back 


to the original 
state 
after 
some 
interval. 
This method 


also extends 
the life of the expensive 
lithium 
battery 
by 


allowing 
a discharged 
main battery to "rest,' allowing 
all 


of its energy 
to be used. 
The second 
rectifier 
diode 


allows 
this 
circuit 
to meet 
Underwriters 
Laboratories' 


requirements 
for 
preventing 
accidental 
charging 
of 


lithium batteries. 


PFO remains active in shutdown 
mode. 


PC Layout and Grounding 


The MAX722's 
high peak currents 
and high-frequency 


operation 
make 
PC 
layout 
important 
for 
minimizing 


ground 
bounce 
and noise. 
Use the PC layout of Figures 


9 and 
10 as a rough 
guide 
for component 
placement 
and 
ground 
connections. 
The distance 
between 
the 


MAX722's 
GNO 
and 
the ground 
leads 
of C1 and 
C5 
must be kept to less than 0.2 inches (5mm). 
If possible, 


use a ground 
plane. 


3·Cell Applications 


Higher 
input 
voltages 
increase 
the energy 
transferred 


with each cycle, due to the reduced 
input/output 
differen- 


tial. 
Excess 
ripple 
due to increased 
energy 
transfer 
is 


best 
minimized 
by reducing 
the inductor 
value 
(101lH 
suggested). 
Add 
extra 
filtering 
and 
recalculate 
the 
auxiliary 
regulator's 
current limit resistor value according 
to the equations 
under 
the Auxiliary 
Negative 
Switch- 


Mode Controller 
section. 
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EV Kit General Description 


The 
MAX722 
evaluation 
kit (EV kit) is an assembled 
surface-mount 
demonstration 
board. 
The kit embodies 


the standard 
2-cell 
application 
circuit 
of Figure 
1, and 
adds 
a DIP switch 
and 3MO 
pull-up 
resistors 
for each 
control 
input. 
A MAX722 comes 
installed 
on the board, 


and it also accomodates 
a MAX723 footprint. 
To replace 
the MAX722 
IC, first cut the leads free of the package, 


then carefully 
desolder 
the leads individually. 


Operating Instructions 


For 
best 
efficiency, 
connect 
heavy-gauge 
(18AWG) 
stranded 
wire from the battery 
terminals 
to a 2A adjus- 
table supply 
or 2-cell battery pack. 


Important: 
Connect 
BATT1 and 
BATT2 together 
with 
heavy 
wire 
to ensure 
both 
SMPS 
regulators 
work. 
If 
BATT 1 is powered 
separately 
from 
BATT2, 
connect 
a 
new 
input 
bypass 
capacitor 
across 
BATT1 
(not 
in- 
cluded). 
Otherwise, 
there 
is no filtering 
at BATT1 and 
efficiency 
will be poor. 


Adjust the supply 
up to two or three volts. 
Load the out- 
puts and observe 
the switching 
waveforms 
at LX3 and 
DHI. 


DESIGNATION 
DESCRIPTION 
SOURCE 


C1 
100uF, 10V E-size SMT tantalum 
capacitor 
Matsuo 267M 1002-1 07 


C2 
2.2uF, 35V C3-size SMT tantalum 
capacitor 
Matsuo 267M2502-335 


C3 
0.22uF 
1206-size 
ceramic 
capacitor 
Murata-Erie 
GRM42-6X7R224K025V 


C4 
0.1 uF 1206-size 
ceramic 
capacitor 
Murata-Erie 
GRM42-6X7R104K025V 


C5 
150/lF, 6.3V E-size SMT tantalum 
capacitor 
Matsuo 267M6301-157 


C6 
Not used 


L1 
22/lH, 
1A SMT inductor 
Sumida 
CD54-220 
or two CD43-220 
in parallel 


L2 
47uH, 0.25A SMT inductor 
Sumida CD54-470 


R1 
10 +10% 1206-size 
chip resistor 
Ohmtek 
L1206MR1 ROOLB 


R2 
3300 
+5% 1206-size 
chip resistor 


R3 
4700 
+5% 1206-size 
chip resistor 


R4 
1.5MO ±1 % 1206-size 
chip resistor 


R5 
11OkO ±1 % 1206-size 
chip resistor 


D1 
1A SMT Schottky 
rectifier, 
1N5817 equivalent 
NIEC EC150S02L 


D2 
1A SMT Schottky 
rectifier, 
1N5818 equivalent 
NIEC EC100S03 


D3 
1A SMT silicon rectifiers, 
1N4001 equivalent 
NIEC EC10DS1 


01 
Fast, hiah-aain, 
low sat 30V PNP transistor 
Zetex ZTX750SM 


02 
Power PNP transistor, 
D-PAK 
Motorola 
MJD2955 


Matsuo 
USA 
(714) 969-2491 
FAX (714) 960-6492 
Matsuo Japan 
(06) 332-0871 
Motorola 
(602) 244-6900 
Murata-Erie 
(404) 436-1300 
NIEC 
(805) 867-2555 
NIECJapan 
(81)3-3494-7411 


Ohmtek 
Siliconix 
Sumida USA 
Sumida Japan 
Zetex 


(716) 283-4025 
408) 988-8000 
(708) 956-0666 
(03) 3607-5111 
FAX (03) 3607-5428 


(516) 543-7100 
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MAX722/MAX723 
PALMTOP 
COMPUTER 
POWER 
SUPPLY 
R7 
000 
RSO 0 ORB 
000 
000 
NE60N 
o 
0 
SHDN' 
o 
0 
3/5' 
o 
51 0 
PFO' 
VREF 


BATTl 
DB 
I: 
L! 
II 
DIg][] 
3VQUT 
caOo 
c=J ~ 
Q] 
o ClOCl 
~~ 
lil4-o 0 0 ~ 
~ R3 r--l 
r--l 
csO 0 0 
Cl 
Cl 
L-J 
L-J 
000 
Cl 
Cl B oJ] 
6ROUND 
D[g]~JD~ 
D~~ 
IDOl 
~o02 
Rl ~ 
Lf-, 
00 
00 
uE][B 
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Chip Topography 
.- 
~ 


~ 


~OO~ 


~ 


__ 
(2.032mm) 


~ 


SHDN 
v+ 
LX3 


~ 
NEGON 
)< 


3/5 
i 


~ 


PFO 
GND 


.120" 


~ 


(3.048mm) 


)< 
UN 
i 


VREF 


AGND 
DLOW 


DHI 


FB3 
FBN 
CS+ 
cs- 


TRANSISTOR 
COUNT 
743 
SUBSTRATE 
IS CONNECTED 
TO V+. 


ADVANCE INFORMATION 
All information 
In this data sheet is preliminary 
and subject 
to change. 
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_______ 
Genera. Description 


The MAX724 is a monolithic, 
bipolar, pulse-width 
modula- 
tion (PWM), switch-mode 
DC-DC regulator 
optimized 
for 


step-down 
applications. 
The MAX724 is rated at 5A. Few 
external 
components 
are needed 
for standard 
operation 
because the power switch, oscillator, 
and control circuitry 
are all on-chip. 
Employing 
a classic 
buck topology, 
this 
regulator 
performs high-current 
step-down 
functions, 
and 


can also be configured 
as an inverter, 
a negative 
boost 
converter, 
or a flyback 
converter. 


This regulator 
has excellent 
dynamic 
and transient-re- 
sponse 
characteristics, 
while 
featuring 
cycle-by-cycle 
current 
limiting 
to protect 
against 
overcurrent 
faults and 


short-circuit 
output 
faults. 
The 
MAX724 
also 
has a 
wide 8V to 40V input range (up to 60V for the high-volt- 
age 
MAX724H 
version) 
in the 
5V output 
step-down 
configuration. 
In inverting 
and 
boost 
configurations, 


the input can be as low as 5V. 


Available 
in 5-pin 
TO-220, 
4-pin 
TO-3, 
and 
11-pin 
SIP 


packages, 
these devices 
have a preset 
100kHz oscilla- 


tor frequency 
and a preset 6.5A current 
limit. The 11-pin 
package 
allows for such options as an external oscillator 
drive input (to raise the frequency 
to 200kHz), 
adjustable 
current 
limit, micropower 
shutdown, 
soft-start, 
and mi- 


croprocessor 
reset. 


__________ 
App.ications 


Distributed 
Power from High-Voltage 
Buses 


High-Current, High-Voltage Step-Down 
Applications 


High-Current 
Inverter 


Negative 
Boost Converter 


Multiple-Output 
Buck Converter 


Isolated 
DC-DC Conversion 


INPUT 
SOflH 
OUTPUT 


10V TO 40V 
SV AT SA 
VIN 
Vsw 
+ 
AIIAX1A11 
200flFI 
MAX724 
MBR74S 
2.Bk 
- 


___________ 
Features 


• 
40V Input Range (GOV for MAX724H) 


• 
5A On-Chip 
Power Switch 


• 
2.5V to 40V Adjustable 
Output 
(50V for MAX 724H) 


• 
100kHz 
Switching 
Frequency 
(Adjustable 
to 200kHz) 


• 
Excellent 
Dynamic 
Characteristics 


• 
Few External 
Components 


• 
a.5mA Quiescent 
Current 


• 
TO-220, 
TO-3, SIP Packages 


COMOUT 


Vc 


FRED 
STATUS 
SHUT 
GNO 


FB 
EXTUM 


IUM 


Vsw 


VIN 


ADVANCE INFORMATION 
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All information 
in this data sheet is preliminary 


and subject 
to change. 
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_______ 
General Description 


The MAX726 
- MAX729 
are monolithic, 
bipolar 
pulse- 
width modulation 
(PWM), switch-mode 
DC-DC regulators 


optimized 
for 
step-down 
applications. 
Their 
internal 


switches 
are rated at 2A. 
Few external 
components 
are 


needed 
for 
standard 
operation 
because 
the 
power 


switch, 
oscillator, 
and 
control 
circuitry 
are all on-chip. 


Employing 
a classic 
buck 
topology, 
these 
regulators 


perform 
high-current 
step-down 
functions, 
and can also 
be configured 
as inverters, 
negative 
boost converters, 
or 


flyback 
converters. 


The MAX726 has a 2.5V to 40V adjustable output, while the 
MAX727, 
MAX728, 
and MAX729 
have preset outputs 
of 
+5V, +3.3V, and +3V, respectively. 
These regulators have 


excellent dynamic 
and transient-response 
characteristics, 


and 
feature 
cycle-by-cycle 
current 
limiting 
to 
protect 


against 
overcurrent 
faults and short-circuit 
output 
faults. 
They also have a wide 8V to 40V input range (up to 60V for 
the high-voltage 
"H" version) 
in the 5V-output 
buck con- 


figuration. 
In inverting and boost configurations, 
the input 


can be as low as 5V. 


Available 
in 5-pin TO-220 and 11-pin SIP packages, 
these 


devices 
have a preset 100kHz oscillator frequency 
and a 


preset 2.6A current 
limit. 
The 11-pin packages 
allow for 


options such as an external oscillator 
drive input (to raise 


the 
frequency 
to 
200kHz), 
adjustable 
current 
limit, 
micropower 
shutdown, 
soft-start, and micropower 
reset. 


A1AXIA1 


MAX121 


Features 


• 
40V Input Range (60V for "H" Versions) 


• 
2A On-Chip 
Power Switch 


• 
Adjustable 
Output 
(2.5V to 40V) - MAX726 


• 
Preset Outputs: 
+5V for MAX727 
+3.3V for MAX728 
+3V for MAX729 


• 
100kHz Switching Frequency (Adjustable to 200kHz) 


• 
Excellent 
Dynamic 
Characteristics 


• 
Few External 
Components 


• 
8.5mA Quiescent 
Current 


• 
5-Pin TO-220 
and 11-Pin SIP Packages 


_________ 
Applications 


Distributed 
Power from High-Voltage 
Buses 


High-Current, 
High-Voltage 
Step-Down 
Applications 


High-Current 
Inverter 


Negative 
Boost Converter 


Multiple-Output 
Buck Converter 


Isolated 
DC-DC Conversion 


_______ 
Pin Configurations 


_AXI_5 
MAX126 
4 
o 
MAX121 
3 
MAX128 
2 
MAX1290, 


TO-220 


CONTACT FACTORY FOR STRAIGHT PINS. 


COMOUT 


Vc 
FREQ 
STATUS 
SHUT 
GND 


FB 
EXTLIM 


IUM 


VSoN 


VIN 


SIP 


CASE IS CONNECTED TO GROUND. 
PINS ARE FORMED. 


~~I~JXI~~I 


+5V and Adjustable 
Step-Down 


Current-Mode PWM Regulators 


_______ 
General Description 


The MAX730/MAX738 
are +5V-output 
CMOS, step-down, 
switching 
DC-DC regulators. 
The MAX750/MAX758 
are 


adjustable 
output versions 
of the MAX730/MAX738. 
The 
MAX738 accepts 
inputs from 6.0V to 16.0V and delivers 
up to 750mA at 5V. The MAX730 accepts 
inputs from 5.2V 


to 11.0V and delivers 
up to 300mA 
at 5V. 
The MAX758 


delivers 
up to 3.75W from inputs of 4.0V to 16.0V. 
The 


MAX750 
delivers 
up to 1.5W from 4.0V to 11.0V inputs. 
Typical 
efficiencies 
exceed 
90%, 
and 
accuracy 
is 


guaranteed 
over temperature, 
line, and load variations. 
Pulse-width 
modulation 
(PWM) 
current-mode 
control 


provides 
precise 
output regulation 
and low subharmonic 
noise. 
Typical 
quiescent 
current 
is 
1.7mA. 
165kHz 


switching 
frequency 
allows easy ripple and noise filtering 


and use of small external components. 
These regulators 


require only a single inductor 
value to function 
over their 


entire input range, so no inductor 
design is necessary. 


The 
MAX730/738/750/758 
also 
feature 
cycle-by-cycle 


current 
limiting, 
overcurrent 
limiting, 
undervoltage 


lockout, 
and programmable 
soft-start 
protection. 


For 
lower-power 
step-down 
applications, 
refer 
to the 


MAX639 data sheet. 


Portable 
Instruments 


Distributed 
Power Systems 


Computer 
Peripherals 


DC-DC Converter 
Module 
Replacements 


___________ 
Features 


• 
up to 750mA 
Load Currents 
with No External 


MOSFETs 
(MAX738/MAX758) 


• 
165kHz 
High Frequency 
Current-Mode 
PWM 


• 
Greater than 90% Typ Efficiencies 


• 
Single Pre-Selected 
Inductor 
Value, 


No Component 
Design 
Required 


• 
1.7mA Typ Quiescent 
Current 


• 
Overcurrent, 
Soft-Start, 
and Shutdown 
Protection 


• 
Adjustable 
Output (MAX750/MAX758) 


• 
8-Pin DIP/SO and 16-Pin Wide SO Packages 
______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX730CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX730CSA 
O'C to +70'C 
8S0 


MAX730C/D 
o'C to +70'C 
Dice' 


MAX730EPA 
-40'C 
to +85'C 
8 Plastic 
DIP 


MAX730ESA 
-40'C 
to +85'C 
8S0 


MAX730MJA 
-55'C 
to +125'C 
8 CERDIP" 


MAX738CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX738CWE 
O'C to +70'C 
16WideSO 


MAX738C/D 
O'C to +70'C 
Dice' 


MAX738EPA 
-40'C 
to +85'C 
8 Plastic 
DIP 


MAX738EWE 
-40'C 
to +85'C 
16WideSO 


MAX738MJA 
-55'C 
to + 125'C 
8 CERDIP" 


Ordering 
Information 
continued 
on last page. 


, 
Contact 
factory 
for dice specifications. 
"Contact 
factory 
for availability 
and processing 
to MiL-STD-883. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Pin Voltages: 


v+ (MAX730/750) 
v+ (MAX738/758) 
. 


LX (MAX730/750) 
LX (MAX738/758) 
. 


VOUT .. _._._.. _ 
. 
SS, CC, SHDN 
. 
Peak Switch 
Current 
(ILX) 
,. 
Reference 
Current 
(IVREF) . 


Power Dissipation 
(TA = +70°C) 


8-Pin Plastic DIP (derate 6.90mWrC 
above 
+70°C) 


8-Pin SO (derate 5.88mWrC 
above 
+70°C) 


16-Pin Wide SO (derate 952mWrC 
above 
+70°C) 
8-Pin CERDIP (derate 8.00mWrc 
above 
+ 70T) 
Operating 
Temperature 
Ranges: 
MAX7 __ C __ 
O°C to + 70°C 


MAX7 __ E _ _ 
-40°C to +85°C 


MAX7 __ MJA 
-55°C to + 125°C 


Junction 
Temperatures: 


MAX7 __ C/E 
, . 


MAX7 __ M 
. 


Storage 
Temperature 
Range 


Lead Temperature 
(soldering, 
10 sec) . 


+12V, -0.3V 
+18V, -0.3V 


.. (V+ -12V) to (V+ +0.3V) 
. (V+ -21V) to (V+ +0.3V) 


±25V 
-0.3V to (V+ +0.3V) 


.2.0A 
2.5mA 
+150°C 
+175°C 


-65°C to +160°C 
+300°C 


Stresses 
beyond 
those listed 
under 
'Absolute 
Maximum 
RatingsO may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may 
affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Circuit 
of Figure 3; V+ = 9V for the MAX730/750; 
V+ = 12V for the MAX738/758; 
VOUT = 5V, R2 = 40.20kO, 
R3 = 13.0kO for the 
MAX750/758; 
ILOAD = OmA; TA = TMIN to TMAX, unless otherwise 
noted.) 


MAX730/MAX750 
MAX738/MAX758 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V+ = 6.0V to 11.0V, 
4.75 
5.00 
5.25 
o < ILOAD < 300mA 


Output Voltage 
V+ = 6.6V to 16.0V, 
4.75 
500 
525 
V 
(Note 1) 
o < ILOAD < 300mA 


V+ = 10.2Vto 
16.0V, 
475 
500 
5.25 
0< 
ILOAD < 750mA 


MAX7300nly 
5.2 
11.0 


MAX738 only 
60 
16.0 
Input Voltage 
Range 
V 


MAX7500nly 
4.0 
11.0 


MAX758 only 
40 
16.0 


V+ = 5.2V to 11.0V 
0.15 


Line Regulation 
V+ = 6.0V to 16.0V 
%N 


015 


ILOAD = OmA to 300mA 
0.0005 


Load Regulation 


ILOAD = OmA to 750mA 


%/mA 


00005 


V+ = 9.0V, ILOAD = 300mA 
92 
90 


Efficiency 
V+ = 12V, ILOAD= 750mA 


% 


87 


Supply 
Current 
Includes 
switch current 
1.7 
3.0 
1.7 
3.0 
mA 


Standby 
Current 
SHDN = 0 (Note 2) 
60 
1000 
60 
100.0 
).tA 


VIH(Note 
3) 
V+-O.5V 
V+ -O.5V 


Shutdown 
InputThreshold 
V 
VIL (Note 3) 
0.25 
025 


Shutdown 
Input Leakage 
Current 
1.0 
1.0 
).tA 


Short-Circuit 
Current 
1.5 
1.5 
A 


MAX7300nly 
4.7 
5.2 


Undervoltage 
Lockout 
MAX738 
only 
5.7 
6.0 


MAX7500nly 
V 


375 
4.00 


MAX758 only 
3.75 
4.00 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Circuit 
of Figure 3; V+ = 9V for the MAX730/750; 
V+ = 12V for the MAX738/758; 
VOUT = 5V, R2 = 40.20kn, 
R3 = 13.0kn 
for the 
MAX750/758; 
ILOAD = OmA; TA = TMIN to TMAX, unless otherwise 
noted.) 


MAX7301750 
MAX7381758 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


LX On Resistance 
ILX = 500mA 
0.5 
0.5 
n 


LX Leakage 
Current 
V+ = 12V, LX = 0 
1.0 
1.0 
IJA 


Reference 
Voltage 
(Note 1) 
1.15 
1.23 
1.30 
1.15 
1.23 
1.30 
V 


Reference 
Drift 
TA=TMINtoTMAX 
50 
50 
ppmrC 


Oscillator 
Frequency 
130 
170 
210 
130 
160 
190 
kHz 


Compensation 
Pin Impedance 
7500 
7500 
n 


Note 
1: 
Output voltage tolerance over temperature 
is ±4.5% plus external feedback 
resistor tolerances for adjustable 
devices 


(MAX750/MAX758) 


Note 2: 
The standby 
current typically 
settles to 251JA(over temperature) 
within 2 seconds; 
however, 
to decrease 
test time, the part is 


guaranteed 
at a 100ilA 
maximum 
value. 


Note 3: 
Shutdown 
input thresholds 
not tested, 
but guaranteed 
by design. 


MAX730IMAX750 
EFFICIENCY 


ISo OUTPUT CURRENT 
MAX738 
QUIESCENT SUPPlY 
CURRENT 


ISo SUPPLYVOLTAGE 


MAX7381MAX758 
PEAK INOUCTOR 
CURRENT ISo OUTPUT CURRENT 


~ 
800 
~§ 
600 


'-' 
'"t; 
::> 
400 
'"~ 


~ 
200 


o o 
100 
200 
300 
400 
Soo 
600 
700 
800 


OUTPUTCURRENT(mAl 


MAX738IMAX758 
EFFICIENCY 


ISo OUTPUT CURRENT 


I'~ -.. 


V 
>""" 


~ ~ 
V+ = 6V 
'" 


" 
V~=8V 


'\ 
v+ ~ 12V' 
, 
, 
, 
V+ = 16V 


CIRCUITOFFIG.3 
YoU! = +SV (MAX7S8) 
TA= +2SoC 
I 
I 
I 
I 
I 


" 
.s 
2.0 


~ 
'"a 
1.5 
~ 
~ 
1.0 
~ 
'-'t3s 
os 


Cl 


6 
8 
10 
12 
14 
16 


SUPPLYVOLTAGE(V) 


200 
400 
600 
800 
1000 


OUTPUTCURRENT(mA) 


OSCILLATOR FREQUENCY 


ISo SUPPlY VOLTAGE 


210 


-;;:; 
200 
~ 
>- 
190 
'-'~ 
::> 
~ 
180 


'"'"~ 
170 
u 
U) 
'" 
160 


_CIRCUIT OFFIG 3 
TA=+2SoC 


MAX730/MAX7S0 


"- 
~, 
..., 
v 
"- 


./ - 


MAX738/MAX758 
I 
I 
I 


700 
CIRCUITOF FIG.3 


600 
YoU! = +SV(MAX7S8) 
L1=18IlH 


" 
C4=1000llF 
iSOO TA= +2SoC 


::> 
400 
'-''"t; 
300 


::> 
'"~ 
200 
~ 
100 


o 
o 
SO 
100 
150 
200 
2S0 
300 


OUTPUTCURRENT(mAl 


8 
10 
12 
14 
16 
18 


SUPPLYVOLTAGE(V) 


DIll 
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MAXIMUM 
OUTPUT CURRENT 
Ys. SUPPLY VOLTAGE 


MAXIMUM 
OUTPUT CURRENT 


Y5. SUPPLY 
VOLTAGE, 
NO R1 


600 


~ 
500 
§. 
>-- 
~ 
400 


::> 
u 
>-- 
300 
~ 
::> 
0 
::;; 
200 
::> 
::;; 
X 
<t: 
100 
::;; 


~ 
1000 
§. 


~ 
::> 
800 
u 
>-- 
::> 
0.. 
g 
600 


::;; 
::> 
::;; 


~ 
400 


::;; 


NOTE OPERATION8EYoND THE ' 
SPECIFICATIONS L1STEOIN THE 
ELECTRICAL CHARACTERISTlCSMAY 
EXCEEDTHE POWEROISSIPATION 
RATINGS OF THE DEVICE. 


6 
8 
10 
12 
14 
16 


SUPPLY VOLTAGE (V) 


SWITCHING WAVEFORMS 
CONTINUOUS 
CONDUCTION 


12V 
} 
A 


OV 


200mA} 
B 
OmA 


2~s/div 


A 
SWITCH VOLTAGE (LX PIN), 5V/DIV, OVTO +12V 
B 
INDUCTOR CURRENT, 200mA/01V 
C: 
OUTPUT VOLTAGE RIPPLE, 50mVAJIV 


MAX738/MAX758, 
CIRCUIT OF FIG 3, COUT= 390~F, 


V+=12V,loUT=15l¥A. 
TA=+25·C 


100mS/div 


A: 
VOUT,50mV/DIV, DC-COUPLED 
B 
V+, 5V101V, 10.2V TO 16.0V 


CIRCUIT OF FIG. 3, lOUT= 750mA, TA = +25·C 


CIRCUIT OF FIG 3, NO R1 
~ 


VOUT= +5V 
",. 


h= 
+25·C 
.•..~ 
,.J- 
MAX738/MAX758 


I 
I 
I 
I 


". 
NOTE: OPERATION 


I 


BEYONO THE 
SPECIFICATIONS 


MAX730/ 
--l'Ji 
LISTED IN THE 
MAX750 
/ 


ELECTRICAL 
CHARACTERISTICS 
/ 
MAY EXCEEDTHE 
POWEROISSIPATION 
-" 
RATINGS OF THE 
DEVICE. 


8 
10 
12 
14 
16 


SUPPLY VOLTAGE (V) 


SWITCHING WAVEFORMS 
DISCONTINUOUS 
CONDUCTION 


12V 
} 
A 


OV 


1oomA} 
B 
OmA 


I ---.......... 
. 
~ 
- __ :-L.-S 


2~S/div 


A 
SWITCH VOLTAGE (LX PIN), 5V/DIV, OVTO +12V 
B: 
INDUCTOR CURRENT, 100mNOIV 
C: 
OUTPUT VOLTAGE RIPPLE, 50mV/DIV 


MAX738/MAX758, 
CIRCUIT OF FIG. 3, COUT= 390~F, 


V+ = 12V, klUT= 150~A, TA= +25·C 


100ms/div 


A: 
VOUT,5OmVAJIV, OC-COUPLED 
B: 
V+, 5V/DIV, 6.0V TO 11.0V 


CIRCUIT OF FIG. 3,IOUT = 300mA, TA = +25·C 


300mA} 
B 


2DmA 


750mA} 
B 


50mA 


50mS/div 


A 
VOUT,50mV/DIV, DC-COUPLED 


B 
lOUT,2oomA/DIV, 20mA TO 300mA 


CIRCUIT OF FIG 3, V+ = 9V, TA= +25·C 


50ms/div 


A 
VOUT,50mV/0IV, DC-COUPLED 
B: 
lOUT,500mNDIV, 
50mA TO 750mA 


CIRCUIT OF FIG 3, V+ = 12V, TA= +25·C 
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PIN# 
PIN# 


a-PIN 
16-PIN 
NAME 
FUNCTION 


DIP/SO 
WIDE SO 


1 
2 
SHDN 
Shutdown - active low. Ground to power-down chip, tie to V+ for normal operation. Output voltage 
falls to OVwhen SHDN is low. 


2 
3 
VREF 
Reference Voltage Output (+ 1.23V)supplies up to l0011Afor external loads. Bypass to GND with a 
capacitor that does not exceed 0.047!!F. 


3 
7 
SS 
Soft-Start. Capacitor between SS and GND provides SS and short-circuit protection. 510kQ resis- 
tor from SS to SHDN provides current boost. 


MAX730/MAX738Compensation Capacitor Input externally compensates the outer feedback loop. 
Connect to VOUTwith a 330pF capacitor. 


4 
8 
CC 
MAX750/MAX758Externalvoltage divider feedback point. When an external voltage divider is 
connected from the output voltage to CC and GND, this pin becomes the feedback input for 
adjustable output operation. A 330pF compensation capacitor must be used between the output 
voltage and the CC pin. 


VOUT 
MAX730/MAX738Output-Voltage Sense Input provides regulation feedback sensing. Connect 


5 
9 
to +5V output. 


I.C 
MAX750/MAX758Internal Connection. Do not connect to anything. 


6 
10,11 
GND 
Ground pins are internally connected. 


7 
12,13,14 
LX 
Drain of internal P-channel power MOSFET. 


8 
1,15,16 
V+ 
Supply Voltage Input. Bypass to GND with 0.1llF ceramic and large value electrolytic capacitors in 
parallel. The O.l!!F capacitor must be as close to the device as possible. 


4,5,6 
N.C. 
No Connect - no internal connections to these pins. 


_______ 
Operating Principle 


The MAX730/738/750/758 
switch-mode 
regulators 
use a 


current-mode 
pulse-width 
modulation 
(PWM) 
control 


system coupled 
with a simple buck regulator topography. 
They convert 
an unregulated 
DC voltage from the ranges 
specified 
in Table 1 to a lower voltage. 
The current-mode 
PWM 
architecture 
provides 
cycle-by-cycle 
current 
limiting, 
improved 
load 
transient 
response 


characteristics, 
and simpler outer-loop 
design. 


Table 1. 
Input Voltage 
Range 


PART 
MIN(V) 
MAX (V) 


MAX730 
5.2 
11.0 


MAX750 
4.0 
11.0 


MAX738 
60 
160 


MAX758 
40 
160 


______ 
Detailed Description 


The controller 
consists 
of two feedback 
loops: 
an inner 
(current) 
loop that 
monitors 
the switch 
current 
via the 
current-sense 
resistor 
and 
amplifier, 
and 
an 
outer 
(voltage) 
loop that monitors 
the output 
voltage 
through 
the error amplifier 
(Figure 
1). The inner loop performs 
cycle-by-cycle 
current 
limiting, 
truncating 
the 
power 
transistor 
on-time 
when 
the 
switch 
current 
reaches 
a 
predetermined 
threshold. 
This threshold 
is determined 
by the outer loop. 
For example, 
a sagging 
output voltage 


produces 
an 
error 
signal 
that 
raises 
the 
threshold, 


allowing 
the circuit 
to store 
and 
transfer 
more 
energy 
during 
each cycle. 


Programmable 
Soft-Start 


Figures 
1 and 
2 show 
a capacitor 
and 
a resistor 
connected 
to the Soft-Start 
(SS) pin to ensure an orderly 
power-up. 
Typical 
values 
are O.1f.l.F and 
510kn. 
SS 
controls 
both 
the SS timing 
and 
the 
maximum 
output 
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current 
that 
can 
be 
delivered 
while 
maintaining 


regulation. 


The charging 
capacitor 
slowly 
raises the clamp 
on the 


error-amplifier 
output 
voltage, 
limiting 
surge 
currents 
at 


power-up 
by 
slowly 
increasing 
the 
cycle-by-cycle 
current-limit 
threshold. 
The 510n 
resistor 
sets the SS 


clamp at a value high enough to maintain regulation, 
even 


at currents 
exceeding 
1A. This resistor 
is not necessary 
for 
lower 
current 
loads. 
Refer 
to 
Typical Operating 


Characteristics, Maximum Output Current vs. Supply 
Voltage. Table 2 lists timing 
characteristics 
for selected 


capacitor 
values and circuit 
conditions. 


The output 
sags if more than the maximum 
load current 
is drawn, and the overcurrent 
comparator 
trips if the load 


exceeds 
approximately 
1.5A. 
An SS cycle 
is actively 


initiated 
when either an undervoltage 
or overcurrent 
fault 


condition 
triggers 
an internal 
transistor 
to momentarily 


discharge 
the SS capacitor 
to ground. 
An SS cycle 
is 


Cl 


~OlW 


also enabled 
at power-up 
and when coming 
out of the 


shutdown 
mode. 


O"ercurrent 
Limiting 


When the load current 
exceeds 
approximately 
1.5A, the 
output stage is turned off by the inner loop cycie-by-cycie 
current-limiting 
action, 
and 
the 
overcurrent 
comparator 
signals the control logic to initiate an SS cycle. 
On each 


ciock cycle, the output FET turns on again and attempts to 
deliver current until cycle-by-cycle 
or overcurrent 
limits are 
exceeded. 
Note that the SS capacitor 
must be greater than 


0.01 ~F for overcurrent 
protection 
to function 
properly. 


Undervoltage 
Lockout 


The undervoltage 
lockout 
feature 
monitors 
the 
supply 
voltage 
at V+ and allows operation 
to continue 
for supply 


voltages 
greater than 5.7V (typ) with 0.25V hysteresis 
for 
the MAX738 
and 3.750V 
(typ) with 0.25V hysteresis 
for 


the MAX758 
(see Typical Operating Characteristics, 


11 
100uH 
VOUT= 


LX MAXLOO1 
5V 


01 
·C4 
N5817 I1ilO1lF 


= 
=(oR150uF 


MAXCOO1) 
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MAX730/MAX750 
Circuit Conditions 
Soft-Start 
Time (ms) ys. C1 (~F) 


R1 (kil) 
V+(V) 
lOUT (mA) 
C4 ~F) 
O.01~F(ms) 
O.047~F (ms) 
O.1~F (ms) 
O.47~F(ms) 


510 
6 
0 
100 
2 
6 
11 
28 


510 
9 
0 
100 
1 
4 
6 
15 


510 
11 
0 
100 
1 
2 
4 
11 


510 
9 
150 
100 
1 
4 
8 
21 


510 
9 
300 
100 
1 
5 
9 
27 


510 
9 
150 
390 
3 
6 
9 
23 


510 
9 
150 
680 
4 
6 
9 
24 


none 
6 
0 
100 
16 
34 
51 
125 


none 
9 
0 
100 
10 
22 
34 
82 


none 
11 
0 
100 
8 
18 
28 
66 


none 
9 
150 
100 
34 
134 
270 
1263 


none 
9 
150 
390 
39 
147 
280 
1275 


none 
9 
150 
680 
40 
152 
285 
1280 


MAX738/MAX758 
Circuit Conditions 
Soft-Start 
Time (ms) ys. C1 (~F) 


R1 (kil) 
V+(V) 
lOUT (mA) 
C4~F) 
O.01~F(ms) 
O.047~F (ms) 
O.1~F(ms) 
O.47~F(ms) 


510 
7 
0 
100 
1 
4 
6 
18 


510 
12 
0 
100 
1 
2 
3 
8 


510 
16 
0 
100 
1 
1 
2 
6 


510 
12 
300 
100 
1 
3 
5 
3 


510 
12 
750 
100 
1 
5 
8 
21 


none 
7 
0 
100 
12 
27 
40 
100 


none 
12 
0 
100 
7 
16 
25 
54 


none 
16 
0 
100 
6 
13 
20 
68 


none 
12 
300 
100 
27 
112 
215 
1114 
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MAX738 
Quiescent 
Supply 
Current 
vs. Supply 
Voltage). 


The MAX730 and MAX750 have a typical threshold 
of 4. 7V 
and 
3.75V, 
respectively. 
When 
an 
undervoltage 
condition 
is detected, 
control 
logic turns off the output 
power 
FET 
and 
discharges 
the 
88 
capacitor 
to 
ground. 
This 
prevents 
partial 
turn-on 
of the 
power 
M08FET 
and 
avoids 
excessive 
power 
dissipation. 


The control 
logic 
holds 
the output 
power 
FET off until 
the 
supply 
voltage 
rises 
above 
approximately 
4.95V 
(MAX730), 
5.95V 
(MAX738), 
and 
3.95V 
(MAX750/MAX758), 
when 
an SS cycle 
begins. 


Shutdown Mode 


The MAX730/738/750/758 
are held in shutdown 
mode by 
keeping 
8HDN at ground. 
In shutdown 
mode, the output 
drops 
to OV and the output 
power 
FET is held in an off 
state. 
The internal reference 
also turns off, which causes 
the 88 capacitor 
to discharge. 
Typical 
standby 
current 
in shutdown 
mode 
is 6~. 
The actual 
design 
limit for 
standby 
current 
is much less than the 1OO~ 
specified 
in 
the Electrical 
Characteristics 
table. 
However, 
testing 
to 
tighter 
limits 
is prohibitive 
because 
the 
current 
takes 
several 
seconds 
to settle 
to a final 
value. 
For normal 
operation, 
connect 
SHDN to V+. Coming out of shutdown 
mode intiates an SS cycle. 


Internal 
Reference 


The + 1.23V bandgap 
reference 
supplies 
up to 1OO~ 
at 
VREF. A bypass 
capacitor 
from VREF to GND is required 
and must not exceed 
O.047IlF. 


""'A1X1"'" 


MAX730 
MAX738 
MAX750 
MAX758 


Oscillator 


The internal oscillators 
of the MAX730/MAX750 
typically 


operate 
at 170kHz 
(160kHz 
for the MAX738/MAX758). 


Temperature 
stability over the military temperature 
range 
is about O.06%I'C. 


Application 
Information 


Fixed +SV and Adjustable 
Output 


Step-Down Converter Application 


Figure 3 shows both the standard 
5V and the adjustable 
step-down 
application 
circuits. 
These circuits 
are useful 
in systems 
that require 
high current 
and high efficiency 
and are powered 
by an unregulated 
supply, 
such 
as a 
battery 
or wall-plug 
AC-DC 
transformer. 
These circuits 
will operate 
over the entire 
line, load, 
and temperature 
ranges 
using the single set of component 
values shown. 


All 
components 
shown 
are 
suitable 
for 
the 
MAX730/738/750/758. 
The actual value of the input and 
output capacitors 
is not critical as long as it is greater than 
100IlF, has low ESR, and has sufficient 
voltage 
rating. 


The MAX738/MAX758 
deliver a guaranteed 
5V at 300mA 
for supply 
voltages 
of 6.6V to 16.0V, and a guaranteed 
5Vat 
750mA for supply 
voltages 
of 10.2V to 16.0V. 
The 
MAX738/MAX758 
operate 
from 
supplies 
down 
to 6.0V 
and 4.0V, respectively 
(the upper 
limit of undervoltage 
lockout), 
but 
some 
reduction 
of the 
maximum 
output 


current may occur. 
The MAX730/MAX750 
input voltages 


can 
be as low as 5.2V and 4.0V respectively, 
but the 
maximum 
output current 
may also be lower. 


Inductor Selection 


The 
MAX730/MAX738 
require 
no 
inductor 
design 
because 
they are tested in-circuit, 
and are guaranteed 
to 
deliver 
the 
power 
specified 
in 
the 
Electrical 
Characteristics 
with high efficiency 
using a single 
100llH 
inductor. 
The 100llH 
inductor's 
incremental 
saturation 
current 
rating should 
be greater 
than 1A for 750mA 
load 
operation. 
Table 3 shows recommended 
inductor 
types 
and 
suppliers 
for 
various 
applications. 
100llH 
through-hole 
inductors 
(MAXL001) 
are 
available 
from 
Maxim 
in production 
quantities. 
The 
surface-mount 


inductors 
have 
nearly 
equivalent 
efficiencies 
to 
the 


larger-sized 
through-hole 
inductors. 


Adjustable 
Output 


For other 
output 
voltages, 
the 
MAX750/MAX758 
have 
adjustable 
outputs 
from 
1.25V to the input voltage. 
To 
adjust for other output voltages, 
connect 
a voltage divider 
to the compensation 
capacitor 
input (CC) pin as shown 
in Figure 3. 


+5V and Adjustable 
Step-Down 


Current-Mode PWM Regulators 


The output voltage is set by R2 and R3 as follows: 


Let R3 be any resistance in the 10kil to 1Mil 
range, 


typically 100kil, then: 


VOUT 
R2 = R3 ( 
1.23V -1) 


Output tolerance over temperature is±4.5'7'0plus external 
resistor tolerances. 


Low Input Supply Voltage 
Operation 


A unique aspect of the these devices is that they are 
guaranteed to deliver their specified power even at low 
input voltages. 
Normally, the output voltage ripples at 


the converter switching frequency. For a 5V output and 
at 
supply 
voltages 
less 
than 
about 
6.8V 


(MAX730/MAX750) 
or 7.6V (MAX738/MAX758), 
the 


output ripple is no longer at the switching frequency 


MAl<730 +5.2V TO +11.0V 
MAX738 +O.OVTO +16.0V 


+~ 


C2 
0.11'F 


C3 
l~F 
(OR 15Ol'F 
-=- 
M 
COOl) 


5HDN 
V+ 


LX 


l1 


A4AX1A4 
MAXloo1 


MAX730 
llJOllH 


R1 
MAX738 


510k 
Your 
OUTPUT 
+5V 


C5 
330pF 
+ C4 


55 
CC 
r~' 


~R 15&f,F 
AXC 
1) 
Cl 
0.11'F 


C6 
-=- 
O.Oll'F 


-=- 


only, 
but also at subharmonics 
of the switching 
frequency. 
Efficiency and regulation are unchanged 
under these conditions, but if this subharmonic ripple is 
undesirable, a smaller (18ll-H) inductor value may be 
appropriate. 


To minimize 
subharmonic 
output 
ripple 
over the 


entire 
low 
supply 
voltage 
range 
of 
the 


MAX738/MAX758 
(6.6V to 10,2V, up to 300mA), a 


single 
inductor 
value 
of 18ll-H can 
be 
used 
in 


combination 
with 
a larger 
output 
filter 
capacitor 


(1000ll-F). Using the 18ll-H inductor results in about 
a 5% to 10% efficiency 
drop when compared 
to the 


100ll-H inductor. 
The subharmonic 
output ripple at 


low input voltages 
in the MAX730/MAX750 
is not 


remedied by this solution, 


MAX750 +4.0VTO +110V 
MAX758 +4.0V TO +16,OV 


~ 


C2 


011'F 


+ 
C3 
100uF (OR 150l'F 
-=- MAXCool) 


7 


A4AX.A4 


MAX750 
MAX758 


11 
MAXloo1 
100l'H 


OUTPUT 
+5V 


40.2k 


R2 
+ C4 
I 


100l'F 


(OR15M 
-=- 
MAXCOO1) 


13.0k 
R3 


4 


C5 
330pF 


Part 
Input Supply Range 
Guaranteed Output Current at 5V 
(V) 
(mA) 


MAX730/ 
6.01011.0 
300 
MAX750 


MAX738/ 
6.61016.0 
300 


MAX758 
10.21016.0 
750 


+5V and Adjustable 
Step-Down 
Current-Mode 
PWM Regulators 


ClQ 
Table 3. Component 
Suppliers 


~ 


~ 


~ 
Cis 


~a 


~)<i 


Production 
Method 
Inductors 
Capacitors 


Sumida (708) 956-0666 
CD54-101KC (MAX730) 


Surface Mount 
CD105-101KC (MAX738) 
Matsuo (714) 969-2491 


Coiltronics (305) 781-8900 
267-series 


CTX1OO-series 


MiniatureThrough-Hole 
Sumida (708) 956-0666 
Sanyo (619)661-6322 
RCH654-101K(MAX730) 
OS-CaN-series 
RCH895-101K(MAX738) 
Low ESROrganic Semiconductor 


Maxim 


Maxim 
MAXC001 


MI\XL001 
150~F,Low ESRElectrolytic 


Low-CostThrough-Hole 
100~H Iron-PowderToroid 
Nichicon (708) 843-7500 


Renco (516) 586-5566 
PL-series 


RL1284-100 
Low ESRElectrolytics 


United Chemicon (708) 696-2000 
LXF-series 


Output Filter Capacitor Selection 


The primary criterion for selecting the output filter capacitor 
is low equivalent 
series resistance 
(ESR). 
The product 
of 
the inductor 
current 
variation 
and the ESR of the output 
capacitor 
determines 
the amplitude 
of the sawtooth ripple 


seen on the output voltage. In addition, the ESR of the output 
filter capacitor 
should be minimized to maintain AC stability. 


The ESR of the capacitor 
should be less than O.25Q to keep 
the output ripple less than 50mVp-p over the entire current 
range (using 
a 100JlH inductor). 
The ESR of capacitors 
goes up as the capacitor 
temperature 
goes down. 
For this 
reason, ESR must be considered 
for operation at less than 
O·C to keep ripple at an acceptable 
level. Refer to Table 3 
for suggested 
capacitor 
suppliers. 


Other Components 


The catch 
diode 
should 
be a Schottky 
or high-speed 
silicon rectifier 
with a peak current 
rating of at least 1.5A 
for full-load 
(750mA) 
operation. 
The 1N5817 is a good 
choice. 
The 330pF 
outer-loop 
compensation 
capacitor 


provides 
the 
widest 
input 
voltage 
range 
and 
best 


transient 
characteristics. 
For low-current 
applications, 
the 51 OkQ resistor may be omitted (see Typical Operating 
Characteristics, 
Maximum 
Output 
Current 
vs. Supply 
Voltage, No Rt). 


Printed Circuit Layouts 


A good layout is essential for clean, stable operation. 
The 
layouts 
and 
component 
placement 
diagrams 
given 
in 


Figures 4, 5, 6, and 7 have been successfully 
tested over 


a Wide range of operating 
conditions. 
This board 
layout 
is configured 
for a fixed +5V output, 
but can be modified 


4-78 


for the MAX750/MAX758 
adjustable 
output. 
To configure 


for adjustable 
output 
voltages: 
1. Turn the board 
solder 
side up. 
2. Cut the trace between 
the two through 
holes 
at pin 5. 3. Determine 
the value of R2 and R3. 4. 
Install 
at these 
positions. 
Note that the O.1JlF input 
bypass 
capacitor 
must 
be positioned 
as close 
to the 
pins 
as 
possible. 
Also, the output capacitor 
should be as close to 
the VOUTand GND pins as possible. The traces connecting 
ground to the Input and output filter capacitors 
and to the 
catch diode must be short to reduce inductance. 


ThermalConsideraUons 


The MAX730/738/750/758 
do not require 
a heat sink for 
normal 
operation. 
Operation 
at 
load 
currents 
above 
those 
guaranteed 
in the Electrical 
Characteristics 
may 
require 
a heat sink. 
The ambient 
temperature 
plus the 
temperature 
rise caused 
by 
power 
dissipation 
in the 
deVice must not exceed 
the junction 
temperature 
ratings 
(see 
Absolute 
Maximum 
Ratings). 
The junction-to-air 


thermal 
coefficients 
of the 
packages 
are 
+1 05·C/W 
(16-pin 
wide SO), +125·C/W 
(8-pin CERDIP), 
+120·C/W 


(8-lead 
plastic 
DIP), 
+ 170·C/W 
(8-pin 
SO). 
The 


temperature 
rise of the device is the product of the thermal 
coefficient 
and the power dissipated 
in the device. 


Output-Ripple Filtering 


A simple 
lowpass 
pi-filter 
(Figure 3) can be added 
to the 
output 
to reduce 
output 
ripple 
to about 
5mVp-p. 
The 
cutoff frequency 
shown is 21 kHz. Since the filter inductor 


is in series with the circuit output, its resistance 
should be 
kept to a minimum 
so the voltage 
drop 
across 
it is not 
excessive. 


+5V and Adjustable 
Step-Down 


Current-Mode PWM Regulators 
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Figure 4. 
DIP PC Layout, 
Through-Hole 
Component 
Placement 
Diagram 
(1X Scale) 
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+SV and Adjustable 
Step-Down 


Current-Mode 
PWM Regulators 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX750CPA 
O'C to +70'C 
8 Plastic DIP 


MAX750CSA 
O'C to +70'C 
8S0 


MAX750C/D 
O'C to +70'C 
Dice' 


MAX750EPA 
-40'C 
to +85"C 
8 Plastic DIP 


MAX750ESA 
-40"C to +85"C 
8S0 


MAX750MJA 
-55"C to +125'C 
8 CERDIP" 


MAX758CPA 
O'C to +70"C 
8 Plastic DIP 


MAX758CWE 
O'C to +70'C 
16 Wide SO 


MAX758C/D 
O'C to +70'C 
Dice' 


MAX758EPA 
-40'C 
to +85'C 
8 Plastic 
DIP 


MAX758EWE 
-40'C 
to +85'C 
16 Wide SO 


MAX758MJA 
-55'C 
to + 125'C 
8 CERDIP" 


• 
Contact 
factory 
for dice specifications 
. 


•• Contact 
factory 
for availability 
and processing 
to MIL -STO-883. 


SO 
NOTE: ( ) ARE FOR MAX750. 


LX 


LX 


LX 


11 
GND 


GND 


9 
VOUT(IC.) 


WIDE SO 


NOTE: ( ) ARE FOR MAX758. 


_______ 
Chip Topographies 


MAX730/MAX750 


0.116" 


(2.946 
mm) 


GND 


CC 
VOUT 


• 
0.072"----- 
(1.828 
mm) 


MAX738/MAX758 


SHDN 
V+ 


1 


0.131" 


(3.327 
mm) 


GND I 


I 
CC 
0.116" 
VOUT 
I 
- 
~ 
(2.946 
mm) 


NOTES 
( ) ARE FOR MAX750/MAX758. 
DO NOT USE. 


CONNECT SUBSTRATE TO V+. 
TRANSISTOR COUNT 
274 (MAX730/MAX750) 
286 (MAX738/MAX758) 


~1I1~JXI~1f1 


+5V/Adjustable 
Step-Up 


Current-Mode 
DC-DC Converters 


_______ 
General Description 


The 
MAX731 
and 
MAX752 
are fixed 
and 
adjustable 
CMOS, 
step-up, 
DC-DC 
switch-mode 
regulators. 
The 
MAX731 accepts 
a positive 
input voltage 
between 
+2.5V 


and 
+5.25V 
and converts 
it to a fixed 
+5V at 200mA, 


guaranteed 
over temperature. 
Typical 
full-load 
efficien- 


cies are 82% to 87%. 
It requires 
a single inductor 
value 


of 22l-tH to function 
over the entire range, so no inductor- 
related design 
is necessary. 
The MAX752 is an adjusta- 


ble version 
that 
converts 
a minimum 
of + 1.8V to any 
higher 
voltage 
up to +15V, 
at up to 200mA. 
Typical 
full-load 
efficiencies 
are 85% to 95%. 
A single 
50I-tH 


inductor 
is suitable 
for the 
entire 
range 
of operating 


conditions, 
so no inductor-related 
design 
is necessary. 


The 
MAX731/MAX752 
use 
current-mode 
pulse-width 
modulation 
(PWM) controllers 
to provide 
precise 
output 


regulation 
and low subharmonic 
noise. 
Typical 
no-load 


supply 
current 
is 2mA. 
A fixed 
170kHz 
oscillator 
fre- 
quency 
allows 
easy 
filtering 
of ripple 
and 
noise, 
and 
provides 
for small external 
components. 


The MAX731 /MAX752 feature cycle-by-cycle 
current lim- 
iting, 
overcurrent 
limiting, 
external 
shutdown, 
and 
pro- 


grammable 
soft-start 
protection. 


For fixed + 12V and + 15V step-up 
regulators, 
refer to the 
MAX732/MAX733 
data sheet. 
For lower-power 
step-up 


applications, 
refer to the MAX631/632/633 
and MAX654- 


659 data sheets. 


__________ 
Applications 


+5V-Logic 
Supply 
in +3V-Logic 
System 
DC-DC Converter 
Module 
Replacement 
Portable 
Instruments 


Laptop 
Computers 
Distributed 
Power Systems 
Cellular Phones 
Battery-Powered 
Equipment 


.-AXI.- 


MAX131 
MAX152 


___________ 
Features 


• 
200mA 
Load Currents 
Guaranteed 
with 
No External 
MOSFET 


• 
Step-Up 
from a 2.5\1 Input 


• 
170kHz High-Frequency 
Current-Mode 
PWM 


• 
82% to 87% Typical 
Efficiencies 
at Full Load 
(MAX731) 


• 
85% to 95% Typical 
Efficiencies 
at Full Load 
(MAX752) 


• 
Small Inductor 
- No Component 
Design 
Required 


• 
2mA Quiescent 
Current 
(MAX752) 


• 
Overcurrent 
and Soft-Start 
Protection 


• 
8-Pin DIP, 16-Pin Wide SO Packages 


• 
Shutdown 
Pin 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX731 CPA 
O'C to +70'C 
8 
Plastic 
DIP 


MAX731CWE 
O'C to +70'C 
16WideSO 


MAX731C/D 
O'C to +70'C 
Dice' 


MAX731EPA 
-40'C 
to +85'C 
8 
Plastic 
DIP 


MAX731 EWE 
-40'C 
to +85'C 
16WideSO 


MAX731MJA 
-55'C 
to + 12S'C 
8 
CERDIP 


Ordering 
information' 
continued 
on last page. 


, Dice are tested at TA = +25'C 
only. 


'-Contact 
factory for availability 
and processing 
to MIL-STD-883. 


+2.5V 


TO 
+5.25V 


LX 


.NIAX1.N1 


MAX131 
V+ 


+SV/Adjustable 
Step-Up 


Current-Mode DC-DC Converters 


ABSOLUTE 
MAXIMUM 
RATINGS 


V+,LXtoGND 
-0.3Vto+17V 
VOUT to GND 
.. 
±25V 


55, CC, SHDN to GND . 
-0.3V to (V+ + 0.3V) 
Peak Switch Current 
(ILX) . 
1.5A 


Reference 
Current 
(IVREF) 
2.5rnA 
Continuous 
Power Dissipation 
(TA ~ + 70"C) 
8-Pin Plastic 
DIP (derate 9.09mWrC above 
+70"C) 
. 
16-Pin Wide SO (derate 9.52mWrC above 
+70"C) 
8-Pin CERDIP (derate 8.00mWrc 
above 
+ 70"C) 
. 


Operating 
Temperature 
Ranges: 


MAX731/752C__ 
. . 
. 
O"C to +70"C 
MAX731/752E __ 
-40"C to +85"C 
~~X731/752MJA 
-55"C to +125"C 
Junction 
Temperatures: 
MAX731/752C_.JE 
__ 
, 
+150"C 
MAX731/752MJA 
+ 175"C 
Storage Temperature 
Range 
-65"C to + 160"C 


Lead Temperature 
(soldering, 
10 sec) 
+300"C 


727mW 
762mW 
640mW 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only. and functional 


operation 
of the device 
at these or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
- MAX731 


(Circuit 
of Figure 
1a, VIN ~ +3V, ILOAD ~ OmA, TA ~ TMIN to TMAX, typical 
values are at TA ~ +25"C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ILOAD ~ OmA 
1.8 


Minimum 
Start-Up 
Input Voltage 
V 
ILOAD ~ 200mA 
2.0 
2.5 


ILOAD ~ 100mA 
1.4 


Minimum 
Operating 
Voltage, 
VIN 
V 
ILOAD ~ 200mA 
2.0 


Output 
Voltage 
(Note 1) 
VIN ~ 2.7V to 4.65V, OmA < ILOAD < 200m A 
4.75 
500 
525 
V 


Output Current 
200 
mA 


Line Regulation 
VIN ~ 2.7V to 4.65V 
020 
%N 


Load Regulation 
ILOAD ~ OmA to 100mA 
0.005 
%/mA 


Efficiency 
VIN ~ 3V, ILOAD ~ 100mA 
87 
% 


Supply 
Current 
Includes 
switch current 
2.0 
4.0 
mA 


SHDN ~ 0, entire circuit 
35 
100 
Standby 
Current 
SHDN ~ 0, into V+ 
6 
llA 


VIH 
V+ - 0.5 
Shutdown 
Input Threshold 
V 


VIL 
0.25 


Shutdown 
Input Leakage 
Current 
1.0 
llA 


Short-Circuit 
Current 
1.5 
A 


LX On Resistance 
0.5 
n 


LX Leakage 
Current 
VDS ~ 5V 
1.0 
llA 


Reference 
Voltage 
1.15 
1.23 
1.30 
V 


Reference 
Drift 
TA ~ TMIN to TMAX 
50 
ppmrc 


Oscillator 
Frequency 
125 
170 
215 
kHz 


Compensation 
Pin Impedance 
20 
kn 


+5V/Adjustable Step-Up 


Current-Mode DC-DC Converters 


ELECTRICAL 
CHARACTERISTICS· 
MAX752 


(Circuit 
of Figure 
1b, R1 and R2 configured 
for + 12V output 
operation, 
V+ ; 5V, ILOAD ; OmA, TA; 
TMIN to TMAX:typical 
values are 
at TA; 
+25"C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


Minimum 
Input Voltage 
ILOAD; 
OmA 
1.8 
25 
V 


V+; 
4.5Vto 
11.0V, 
MAX752C/E 
11.46 
12.0 
12.54 
OmA < ILOAD < 150mA 


Output Voltage 
V+ ; 4.5V to 11.0V, 
MAX752M 
11.46 
12.0 
12.54 
V 
OmA < ILOAD < 125mA 


V+ ; 6.0V to 11.0V, 
MAX752C/E/M 
11.46 
12.0 
12.54 
OmA < ILOAD < 200mA 


MAX752C/E 
150 
V+ ; 4.5V to 11.0V 
Output Current 
MAX752M 
125 
mA 


V+ ; 6.0V to 11.0V 
MAX752C/E/M 
200 


Output Voltage 
Range 
VIN ~ VOUT 
2.7 
15.75 
V 


Line Regulation 
V+ ; 4.0V to 11.0V 
0.20 
%N 


Load Regulation 
ILOAD; 
OmA to 100mA 
00035 
%/mA 


Efficiency 
V+ ; 5V, ILOAD; 
100mA 
88 
% 


Supply 
Current 
Includes 
switch current 
1.7 
30 
mA 


Standby 
Current 
SHDN ; 0, entire circuit 
70 
100 


SHDN 
; 0, into V+ 
6 
IlA 


Shutdown 
Input Threshold 
VIH 
V+ -05 
V 
VIL 
0.25 


Shutdown 
Input Leakage 
Current 
1.0 
IlA 


Short-Circuit 
Current 
1.5 
A 


LX On Resistance 
05 
n 


LX Leakage 
Current 
VDS; 
12V 
1.0 
IlA 


Reference 
Voltage 
1.15 
123 
1.30 
V 


Reference 
Drift 
TA; 
TMIN to TMAX 
50 
ppml"C 


Oscillator 
Frequency 
130 
170 
210 
kHz 


+SV/Adjustable 
Step-Up 
Current-Mode 
DC-DC Converters 


C'I 
Typical Operating Characteristics 


~ 


MAX731 
MAX752 
MAX731 
SWITCHING 
WAVEFORMS 
SWITCHING 
WAVEFORMS 
SWITCHING 
WAVEFORMS 


~ 


CONTINUOUS CONDUCTION 
CONTINUOUS CONDUCTION 
DISCONTINUOUS 
CONDUCTION 
i 
A 
A 
A 


"",.. 


B 


~ 


B 


B 


~ 


C 
C 
C 
; 


2l-ls/div 
2l-ls/div 
2l-ls/div 


A: Switch Voltage (LX pin), 2V/div, 
A: Switch Voltage (LX pin), SV/div, 
A: Switch Voltage (LX pin), 2V/div, 


OVto +SV 
OVto +12.4V 
OVto +SV 
B: Inductor Current, SOOmNdiv 
B: Inductor Current, SOOmNdiv 
B: Inductor Current, SOOmNdiv 
C: Output Voltage Ripple, SOmV/div 
C: Output Voltage Ripple, SOmV/div 
C: Output Voltage Ripple, SOmV/div 
Circuit of Fig. 2a, COUT= 1S01-lF, 
Circuit of Fig. 2b, COUT= 300I-lF, 
Circuit of Fig. 2a, COUT= 1S0I-lF, 
V+ = 3V, lOUT= 200mA, TA = +2S'C 
V+=3V, 
IOUT=100mA, TA=+2S'C 
V+ = 3V, IOUT= 100mA, TA= +2S'C 


MAX752 
SWITCHING 
WAVEFORMS 
MAX731 
MAX752 
DISCONTINUOUS 
CONDUCTION 
LINE TRANSIENT RESPONSE 
LINE TRANSIENT RESPONSE 


A 
A 


B 
B 
B 


C 


2l-ls/div 
10ms/div 
100l-ls/div 


A: Switch VOlt~e (LX pin), SV/div, 
A: VOUT,100mV/div 
A: VOUT,SOmV/div, DC-Coupled 


OVto+12.4 
B: VIN, 2V to 3V 
B: V+, SV/div, 6.0V to 9.0V 
B: Inductor Current, 200mNdiv 
Circuit of Fig. 2a, ILOAD= 200mA 
Circuit of Fig. 2b, lOUT= 200mA, 
C: Output Voltage Ripple, SOmV/div 
TA=+2S'C 
VOUT= 12V 
Circuit of Fig. 2b, COUT= 3001-lF, 
TA=+2S'C 
V+=3V, 
IOUT=200mA, TA=+2S'C 


MAX752 
MAX731 
MAX752 
LINE TRANSIENT RESPONSE 
LOAD TRANSIENT RESPONSE 
LOAD TRANSIENT RESPONSE 


A 


A 
A 


B 


B 
B 


100l-ls/div 
2ms/div 
SOiiS/div 


A: VOUT,SOmV/div, DC-Coupled 
A: VOUT,100mV/div 
A: VOUT,SOmV/div, DC-Coupled 
B: V+, SV/div, 6.0V to 12.0V 
B: lOUT,100mNdiv 
B: lOUT.100mNdiv, 
10mA to 200mA 
Circuit of Fig. 2b, lOUT= 12SmA, 
Circuit of Fig. 2a, TA= +2S'C 
Circuit of Fig 2b, V+ = +6V, TA = +2S'C 
VOUT=1SV, TA=+2S'C 
VOUT= 12V 
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MAX752 


LOAO TRANSIENT 
RESPONSE 


SOIls/div 


A: VOUT, SOmV/div, 
D-C Coupled 
B: lOUT, SOmNdiv, 
10mA to 12SmA 


Circuit 
of Fig. 2b, V+ = +6V, TA = +2S·C 
VOUT= 1SV 
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MAX752 
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MAX731 
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MAX752 
PEAK INDUCTOR CURRENT YS, 
OUTPUT CURRENT 
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VIN = 3V, COUT = 150JiF 


CSS(JiF) 
Delay (ms) 


0.1 
10 


02 
20 


0.5 
50 


1.0 
100 


2.0 
160 


50 
170 


CIRCUIT 
CONDITIONS 
SOFT·STARTTIME 
(ms) ys. C1 (JiF) 
VOUT = +12V, C4 = 300JiF 


V+(V) 
lOUT (mA) 
O.1JiF 
O.47JiF 
1.0JiF 


4.5 
0 
55 
115 
125 


6.0 
0 
40 
80 
70 


90 
0 
30 
60 
45 


4.5 
100 
90 
350 
780 


60 
100 
60 
210 
445 


90 
100 
30 
60 
60 


4.5 
200 
175 
715 
1690 


60 
200 
85 
340 
760 


90 
200 
30 
75 
125 


CIRCUIT 
CONDITIONS 
SOFT·STARTTIME 
(ms) ys. C1 (JiF) 
VOUT = +15V, C4 = 300JiF 


V+(V) 
lOUT (mA) 
O.1JiF 
O.47JiF 
1.0JiF 


4.5 
0 
90 
210 
250 


6.0 
0 
65 
135 
150 


9.0 
0 
35 
65 
50 


12.0 
0 
30 
50 
35 


4.5 
75 
155 
680 
1380 


6.0 
75 
105 
425 
880 


9.0 
75 
45 
160 
305 


12.0 
75 
30 
50 
35 


4.5 
125 
235 
1125 
2260 


60 
125 
135 
595 
1255 


90 
125 
55 
230 
475 


12.0 
125 
30 
50 
40 


V+ 


YOU! 
AIIAXIAII 


~ 
MAX131 
L1 


C5 
221lH 


0151lF 
ERROR AMP 


01 
lN5817 
yOU! 


a 
C4 
+ 


-=- 
1501lf I 


VREF 
F/F 
-=- 


C6 
CURRENT 
47IlfI 


SENSE AMP 


-=- 
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a-PIN DIP 
16-PIN 
SO 
NAME 
FUNCTION 


1,4,10,15 
N.C. 
No Connect 
- no internal 
connection 
-- 
Shutdown 
- active 
low. 
Grouru:iJll 
power-down 
the IC; tie to V+ for normal operation. 
Output 
1 
2 
SHDN 
power FET is held off when SHDN is low. 


2 
3 
VREF 
Reference 
Voltage 
Output 
(+ 1.23V) supplies 
up to 100!JA for external 
loads. 


3 
5 
SS 
Soft-Start. 
Capacitor 
between 
SS and GND provides 
soft-start 
and short-circuit 
protection. 


4 
6 
CC 
Compensation 
Capacitor 
Input. 
Externally 
compensates 
the outer feedback 
loop. 


5 
7 
GND 
Ground 


8,9 
GND(SW) 
Switch Ground 
- ground 
of the output 
power FET. 
Both pins must be separately 
tied to 
ground 
because 
they are not internally 
connected. 


6 
11,12,13 
LX 
Drain of internal 
N-channel 
power MOSFET 


7 
14 
VOUT 
Output-Voltage 
Sense Input 


8 
16 
V+ 
Supply 
Voltage 
Input 


- - -,- --,.------- ---.- ~.- 
Current-Mode DC-DC Converters 


~ 


~)<i 
""",.. 


C5 


~ 


015~F 
)<i 
= = 


VREF 


C6 
O.Ol~ I= 


C4 
+ 


3iJ01,LFI 


______ 
Detailed Description 


The input voltage range has three important 
components: 
no-load 
starting 
voltage, 
full-load 
starting 
voltage 
and 
minimum 
operating 
voltage. 
The no-load starting voltage 


is usually less than 2.0V, but if a load is added, 
the circuit 


may not start. 
At a slightly 
higher voltage, 
more current 


can 
be drawn, 
and 
the output 
voltage 
will 
rise to the 


regulated 
value. 
With a 2.5V input voltage, 
the MAX731 


will start up and regulate with a 200mA load. The MAX752 
will start up and regulate at 12V at 150mA from a minimum 
input voltage 
of 4.5V. 


The MAX731 
has a "bootstrapped" 
output, 
which 
means 


it operates 
from 
the output 
that 
it generates. 
Once 
it 


generates 
5V, it then operates 
from this 5V, and subse- 


quently 
can furnish 200mA from an input as low as 2.0V 


(the holding 
voltage). 
The holding 
voltage 
is typically 


1.4V for 100mA loads. 
This capability 
is very important 


in battery-operated 
equipment, 
because 
it indicates 
the 


voltage to which the battery can discharge 
without 
losing 


output regulation. 


Input voltages 
as high as 16V can 
be applied 
without 


damage, 
but regulation 
is lost when the input exceeds 


the normal 
regulated 
output. 
This happens 
because 
a 


DC path through 
the inductor 
and diode 
produces 
an 


output 
voltage 
one diode 
drop 
(O.3-0.6V) 
less than the 


input 
voltage. 
(The MAX731/MAX752 
sense 
this 
high 


output and stop switching.) 
This path exists even with the 


IC removed 
from the circuit. 


+SV/Adjustable 
Step-Up 


Current-Mode DC-DC Converters 


Operating Principle 


The MAX731/MAX752 switch-mode regulators use a current- 
mode pulse-width modulation (PWM) controller coupled with 
a simple boost regulator topography 
to step up an unregu- 


lated DC voltage. 
The MAX731 converts a vo~age ranging 


from 1AV to 5.25V to 5V. 
The MAX752 has an adjustable 


output. The current-mode 
PWM architecture provides cycle- 


by-cycle 
current 
limiting 
and 
excellent 
load-transient 
re- 


sponse characteristics. 


The controller 
consists 
of two feedback 
loops: 
an inner 


(current) 
loop that monitors the switch current through the 


current-sense 
resistor 
(RS) and amplifier, 
and an outer 


(voltage) 
loop that monitors 
the output'voltage 
through 


the error amplifier 
(Figure 
1). 
The inner loop performs 


cycle-by-cycle 
current limiting, truncating 
the power tran- 


sistor on-time 
when the switch current 
reaches 
a thresh- 


old determined 
by the outer loop. For example, 
a sagging 


output 
voltage 
produces 
an error signal 
that raises the 


threshold, 
allowing 
the circuit 
to store and transfer 
more 


energy 
during 
each cycle. 


Programmable 
Soft Start 


A capacitor 
between 
0.1JJ.Fand 5JJ.Fis required 
on the 


Soft-Start 
(SS) pin to ensure 
an orderly 
power-up. 
The 


charging 
capacitor's 
voltage 
slowly raises the clamp 
on 


the error-amplifier 
output voltage, 
limiting surge currents 
at power-up 
by slowly increasing 
the cycle-by-cycle 
cur- 


rent-limit threshold. 
SS timing 
is controllable 
from the SS 


pin by capacitor 
choice. 
A typical 
value is 0.1JJ.F. Table 


1 lists timing characteristics 
for selected 
capacitor 
values 
and circuit conditions. 


The output voltage 
sags if more than the maximum 
load 


current is drawn. 
The overcurrent 
comparator 
trips if the 


load exceeds 
approximately 
1.5A. An SS cycle is actively 
initiated 
when 
an overcurrent 
fault condition 
triggers 
an 


internal transistor to discharge 
the SS capacitor 
to ground. 


Overcurrent 
Limiting 


When the load current 
exceeds 
approximately 
1.5A, the 


output stage is turned off by the inner loop cycle-by-cycle 
current-limiting 
action, and the overcurrent 
comparator 
sig- 


nals the control logic to initiate an SS cycle. 
On each clock 


cycle, the output FET turns on again and attempts to deliver 
current 
until cycle-by-cycle 
or overcurrent 
limits are ex- 


ceeded. 
Note that the SS capacitor 
must be at least 0.01 JJ.F 


for overcurrent 
protection 
to function properly. 


Shutdown 


Keeping 
the Shutdown 
(SHDN) 
pin at ground 
holds the 


MAX731/MAX752 
in shutdown 
mode. 
In shutdown 
mode, 
the output power FET is off, but there is still an external path 
from V+ to the load through 
the inductor 
and diode, 
and 


another path from V+ to GND through the inductor, 
diode, 


and 
external 
feedback 
resistors. 
For the MAX731 , the 


INPUT 
E 
L1 
>c 
22,Hi 
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LX 
01 
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.NIAXI.NI 
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MAX?31 
V+ 
I: 


VOU! 
C5 
~ 


CC 
0151il' 
>c 
C4 
+ 


Cl 
C7 
150llFI 


~ 
O.151lF 
O.151lF 
~ 


OPTIONAL LOWPASS OUTPUT FILTER 


~ 
FILTER 
OUTPUT 
L2 
..J.± C8 
OUTPUT 


251lH 
I 
221lF 


feedback 
resistors 
are approximately 
80kn. 
The internal 
_ 


reference 
turns 
off, which 
causes 
the 
SS capacitor 
to 


discharge. 
Typical 
device 
standby 
current 
in shutdown 


mode is 35JJ.A.For normal operation, connect SHDN to V+. 
An SS cycle brings the MAX731 out of shutdown 
mode. 


The + 1.23V bandgap 
reference 
supplies 
up to 100JJ.Aat 


VREF. A bypass capacitor 
from VREF to GND is required: 


4.7JJ.Ffor the MAX731 and 0.01JJ.Ffor the MAX752. 


Output Adjustment· 
MAX752 


The output voltage for the MAX752 is set by two resistors, 
R1 and 
R2 (Figures 
1band 
2b), which 
form a voltage 


divider 
between 
the output 
and the Compensation 
Ca- 


pacitor 
(CC) pin. The regulator 
adjusts the output so the 


voltage atthe junction 
of R1 and R2 is equal tothe 
+ 1.23V 


bandgap 
reference 
voltage. 
Since CC is a CMOS input, 


its input impedance 
is nearly an open circuit, 
which 
will 


not load the voltage 
divider. 
R2 can be any value be- 


tween 
10kQ to 30kn. 
R1 is given by the formula: 


VOUT 
R1 = R2 (123V 
-1) 


Capacitors 
C5 
and 
C7 
furnish 
loop 
compensation. 
Smaller values are not recommended 
because 
they may 


produce 
instability. 


+5V/Adjustab'e Step-Up 
Current-Mode DC-DC Converters 


OPTIONAL LOWPASS OUTPUT FILTER 


~ 
FILTER 


OUTPUT 
L2 
-.l.± C8 
OUTPUT 


251lH 
I 
221lF 


Modes 


Continuous-Current 
Mode: 
The MAX731/MAX752 
nor- 
mally operate 
in continuous-current 
mode, which means 
current 
always 
flows 
in the 
inductor, 
and 
the 
control 
circuit 
adjusts 
the switch's 
duty 
cycle 
on a cycle-by- 
cycle 
basis to maintain 
regulation 
without exceeding 
the 
switch 
current 
capability. 
This mode provides 
excellent 


load-transient 
response. 
During start-up 
conditions 
and 
under very light loads, this method cannot adjust the duty 
cycle 
to the correct 
value without 
exceeding 
the switch 
current 
capability, 
so the controller 
changes 
to discon- 
tinuous-current 
mode. 


Discontinuous-Current 
Mode: 
In discontinuous-cur- 
rent mode, 
current 
through 
the inductor 
starts 
at zero, 


rises to a peak value, then ramps down to zero on each 
cycle. 
Although 
efficiency 
is still excellent, 
the output 
ripple 
increases 
slightly 
and the switch 
waveformsdis- 
play ringing (the inductor's 
self-resonant 
frequency). 
This 


ringing 
may seem disconcerting 
at first, but it does 
not 


indicate 
problems. 


Pulse-Skipping 
Mode: 
At load 
currents 
under 
a few 


milliamperes, 
even discontinuous-current 
mode tends to 


put more energy 
into the coil than the load requires, 
so 
the controller 
changes 
to pulse-skipping 
mode, 
in which 


regulation 
is achieved 
by skipping 
entire 
cycles. 
Effi- 


ciency 
is still good, typically 
70% to 80%, reduced 
in part 


because 
the MAX731/MAX752 
quiescent 
supply 
current 


becomes 
a significantly 
larger fraction 
of the total current 
when load currents 
are low. Pulse-skipping 
switch wave- 


forms can be irregular, 
and the output 
ripple 
contains 
a 
low-frequency 
component 
that 
may 
exceed 
50mV. 
Larger, 
low-ESR 
filter 
capacitors 
can 
help 
reduce 
the 
ripple voltage 
in critical 
applications. 


The 
MAX731/MAX752 
controller 
normally 
operates 
in 
continuous-current 
mode 
and reverts 
to discontinuous- 
current 
mode 
or pulse-skipping 
mode 
during 
extreme 


conditions. 
Continuous-current 
mode operation 
gives a 


cleaner 
output 
than 
discontinuous 
or pulse-skipping 


modes, 
because 
peak-to-peak 
ripple 
amplitude 
is mini- 
mized 
and the ripple 
frequency 
is fixed at the oscillator 


frequency, 
making the output easy to filter. 


It is possible 
to design 
circuits 
around 
the MAX731 that 


use discontinuous-current 
mode as the primary means of 


regulation, 
eliminating 
the 
compensation 
capacitor 
shown in Figure 2. This is not normally 
recommended 
for 


several reasons. 
First, the peak currents 
in the switch and 


the inductor 
become 
much 
higher, 
reducing 
the output 


current. 
Second, 
the 
coil's 
inductance, 
peak 
current 


rating, and resistance 
values become 
critical; 
its physical 


size increases 
as well. 
Finally, the output 
filter require- 


ments demand 
larger components. 


_____ 
Application 
Information 


For fixed outputs 
of 12V or 15V, the MAX732 or MAX733 
can be used. 
These 
devices 
are fully characterized 
at 


these voltages 
at output 
currents 
up to 200mA 
(125mA 


for MAX733), and do not require external voltage dividers. 
They accept 
input voltages 
above 4.0V. 


Figure 2a shows the standard 
step-up 
application 
circuit. 


This circuit will operate with inputs from 2.5V to 5.25V. The 
output current depends on the input voltage (see Maximum 
Output Current vs. Supply Voltage, Typical Operating Char- 
acteristics). 


Inductor 
Selection 


A 2211H inductor 
is sufficient 
for most MAX731 
designs 


and a 5011H inductor 
is sufficient 
for most MAX752 
de- 


signs. 
The important 
specification 
is the inductor's 
incre- 


mental saturation 
current rating, which should be greater 
than 
2.5 times 
the 
DC 
load 
current 
(500mA 
for 
12V, 


200mA 
loads). 
For lower-power 
applications, 
smaller 


inductor 
values 
may be used. 
Table 
2 shows 
recom- 
mended 
inductor 
types 
and suppliers 
for various 
appli- 
cations. 
The listed surface-mount 
inductors' 
efficiencies 


are nearly equivalent 
to those of the larger-sized, 
through- 


hole inductors. 
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PRODUCTION 
METHOD 
INDUCTORS 
CAPACITORS 


Surface Mount 
Sumida 
Matsuo 


For MAX731: 


CD54-220 (2211H) 
267-series 
ForMAX752: 


CD54-220 (2211H) 
CD54-470 (4711H) 
for discontinuous mode 


Coiltronics 
CD< 100-series 


MiniatureThrough-Hole 
Sumida 
Sanyo OS-CON 


ForMAX731: 
OS-CaN-series 


RCH654-220 
Low ESROrganic Semiconductor 


ForMAX752: 


RCH654-470 


Low-CostThrough-Hole 
Renco 
Maxim 


For MAX731: 
MAXCOO1 
RL 1284-22 
15011F,Low ESRElectrolytic 


ForMAX752: 


RL1284-47 
Nichicon 
PL-series 
Low ESRElectrolytics 


United Chemi-Con 


LXF-series 


Sumida (708) 956-0666 
Renco(516)586-5566 
Sanyo OS-CON 
(619) 661-6835 


Coiltronics 
(305) 781-8900 
Matsuo 
USA (714) 969-6291 


Matsuo 
Japan (06) 332-0871 


United Chemi-Con 
(708) 696-2000 


Nichicon 
(708) 843-7500 


Output Filter Capacitor Selection 


The primary 
criterion 
for selecting 
the output 
filter ca- 
pacitor 
is low equivalent 
series 
resistance 
(ESR). 
The 
product 
of the inductor 
current 
variation 
and the output 


capacitor's 
ESR determines 
the high-frequency 
ampli- 


tude 
seen on the output 
voltage. 
The capacitor's 
ESR 


should 
be less than 0.25Q to keep the output 
ripple 
less 


than 50mVp-p 
over the entire 
current 
range 
(using 
the 


recommended 
inductor). 
In addition, 
the output 
filter 


capacitor's 
ESR should 
be minimized 
to maintain 
AC 


stability. 
Refer to Table 2 for suggested 
capacitor 
sup- 


pliers. 


In the 
standard 
application 
of 
Figure 
2, the 
output 


capacitor 
value 
should 
be at least 
300ilF 
in order 
to 
maintain 
stability 
at 
full 
loads. 
150llF 
capacitors 


(MAXC001) 
are 
available 
from 
Maxim 
in production 


quantities. 
Two of these 
capacitors 
can be connected 


in parallel. 
Lighter 
loads 
require 
proportionately 
lower 


capacitor 
values. 


Other Components 


Use a Schottky 
diode 
with a current 
rating 
of at least 


500mA for full-load 
(200mA) 
operation. 
The 1N5817 is a 


good choice. 
The two compensation 
capacitor 
values at 


the CC input are critical because 
they have been selected 


to provide 
the best transient 
response. 


/ •••• 
I/J X 1/ •••• 
1 


Output-Ripple Filtering 
~ 


An optional 
lowpass 
pi-filter 
(Figure 
2) can be added 
to 


the output to reduce 
output 
ripple to about 5mVp-p. 
The 


cutoff frequency 
of the filter shown 
is 21kHz. 
Since the 


filter inductor 
is in series with the circuit 
output, 
its resis- 


tance 
should 
be minimized 
to avoid 
excessive 
voltage 


drop. 
Note that the feedback 
must be taken before the 


filter, not after the filter. 


Printed Circuit Layout 


Printed 
circuit 
board 
layout 
is not critical, 
except 
to 


ensure 
quiet 
operation. 
Bypass 
capacitors 
should 
be 


located 
as close 
to the device 
as possible 
to prevent 


instability 
and noise pickup. 
The Schottky 
diode 
leads 


should 
also 
be 
kept 
short 
to 
prevent 
fast 
rise-time 


pulses 
in the output. 
A ground 
plane 
is recommended 


but not necessary. 


V+ Bypassing 


For MAX752 
applications 
where 
greater 
than 
13V Is 


generated 
with 
more 
than 
100mA 
load 
current, 


capacitor 
C2 (Fig2b) 
should be 
located less than 1/2 


Inch from V+ and GND pins of the IC. This capacitor 
snubs high voltages 
created 
by large load transients. 
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16 v+ 


N.C. 


VOUT 


LX 


LX 


LX 


N.C. 


9 
GND(SWITCH) 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX7S2CPA 
O'C to +70'C 
8 
Plastic 
DIP 


MAX7S2CWE 
O'C to +70'C 
16WideSO 


MAX7S2C/D 
O'C to +70'C 
Dice' 


MAX7S2EPA 
-40'C 
to +8S'C 
8 
Plastic DIP 


MAX7S2EWE 
-40'C 
to +8S'C 
16 Wide SO 


MAX7S2MJA 
-SS'C to + 12S'C 
8 
CERDIP" 


• Dice are tested at TA = +2S'C 
only. 


"Contact 
factory 
for availability 
and processing 
to MIL-STD-883. 


~~I~JXI~~I 


+12V/+15V 
Step-Up Current-lfIIode 


PWIfII Regulators 


____________ 
Features 


• 
Load Currents 
Guaranteed 
to 200mA with 
No 
External 
MOSFET 
(125mA for MAX733) 


• 
170kHz High-Frequency 
Current-Mode 
PWM 


• 
Small Inductor 
and No Component 
Design 
Required 


• 
85% to 92% Typical 
E"iciencies 
at Full Load 


• 
Overcurrent 
and Soft-Start 
Protection 


• 
8-Pin DIp, 16-Pin Wide SO Packages 


• 
Step-Up 
from a 4.0V Input 


• 
Shutdown 
Pin 


_______ 
General Description 


The MAX7321MAX733 
are CMOS step-up 
DC-DC switch- 


mode 
regulators. 
The MAX732 
is a +12V regulator 
that 


accepts 
inputs 
from 
4.0V to 9.3V and 
delivers 
up to 


200mA of DC current. 
The MAX733 
is a +15V regulator 


that delivers 
up to 125mA and accepts 
inputs 
from 4.0V 


to 11.0V. Typical 
full-load 
efficiencies 
are 85% to 92%. 
They 
require 
only 
a single 
inductor 
value 
of 50pH to 


function 
over their entire ranges, so no inductor-related 


design 
is 
necessary. 
Accuracy 
is 
guaranteed 
over 


temperature, 
line, 
and 
load 
variations. 
The 
MAX7321 


MAX733 
use a current-mode 
pulse-width 
modulation 


(PWM) 
controller 
to provide 
precise 
output 
regulation 


and 
low 
subharmonic 
noise. 
Typical 
no 
load 
supply 


current 
is 1.7mA. 
Fixed 
170kHz 
oscillator 
frequencies 


allow 
easy filtering 
of ripple 
and noise and provide 
for 


small external 
components. 


The 
MAX732/MAX733 
feature 
cycle-by-cycle 
current 


limiting, 
overcurrent 
limiting, 
undervoltage 
lockout, 
and 


programmable 
soft-start 
protection. 


For an adjustable 
version 
of these devices, 
refer to the 


MAX752 
data sheet. 
For lower-power 
step-up 
applica- 


tions, 
refer 
to 
the 
MAX632/MAX633 
and 
MAX6421 


MAX643 data sheets. For more applications 
information, 
refer to AN-4.1, MAX732 
EV Surface-Mount 
Evaluation 


Board 
and 
Flash 
EEPROM 
Power 
Supply 
Application 


Notes. 
__________ 
Applications 


Flash Memory 
Programming 
Power Supply 


Portable 
Instruments 


Distributed 
Power Systems 


Computer 
Peripherals 


DC-DC 
Converter 
Module 
Replacement 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX732CPA 
DOCto +7DoC 
8 Plastic DIP 


MAX732CWE 
DOCto +7DoC 
16WideSO 


MAX732C/D 
DOCto +7DoC 
Dice' 


MAX732EPA 
-4DoC to +85°C 
8 Plastic DIP 


MAX732EWE 
-4DoC to +85°C 
16 Wide SO 


MAX732MJA 
-55°C to +125°C 
8 CERDIP 


MAX733CPA 
DOCto +7DoC 
8 Plastic DIP 


MAX733CWE 
DOCto +7DoC 
16WideSO 


MAX733C/D 
DOCto +7DoC 
Dice' 


MAX733EPA 
-4DoC to +85°C 
8 Plastic DIP 


MAX733EWE 
-4DoC to +85°C 
16 Wide SO 


MAX733MJA 
-55°C to +125°C 
8CERDIP 


'Contact 
factory for dice specifications. 
Pin Configurations 


N.C. 


SHDN 
2 


VREF 
3 


N.C. 


SS 
5 


CC 
6 


GND 
7 


GND (SWITCH) 
8 


+12V/+15V 
Step-Up Current-Mode 
PWM Regulators 


ABSOLUTE 
MAXIMUM 
RATINGS 


Pin Voltages 
V+, LX 
................•..................... 
+17V, -o.3V 
VOUT .........................•................... 
±25V 
SS, CC, SHDN 
................•..... 
-0.3V to (V+ + 0.3V) 
Peak Switch 
Current 
(ILX) 
,., 
1.5A 
Reference 
Current 
(IVREF) 
2.5mA 
Continuous 
Power 
Dissipation 
(TA = +70°C) 
Plastic 
DIP (derate 6.9mW/oC above +70°C) 
550mW 
Wide SO (derate 9.5mW/oC above +70°C) 
.....•... 
760mW 
CERDIP 
(derate 8.0mW/oC above +70°C) 
640mW 


Operating 
Temperature 
Ranges: 


MAX73_C_ 
O°C to +70°C 


MAX73_E_ 
-4Q°C to +85°C 


MAX73_MJA 
-55°C 
to +125°C 


Junction 
Temperatures: 


MAX73_C--IE_ 
+150°C 


MAX73_MJA 
........................•........... 
+175°C 


Storage 
Temperature 
Range 
-65°C 
to +160°C 


Lead Temperature 
(soldering, 
10 see) 
+300°C 


Stresses 
beyond 
those 
listed 
under 
':4bsolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress 
ratings 
only, 
and functional 
operation 
of the devices 
at these or any conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Circuit 
of Figure 
2, V+ = 5V, ILOAD = OmA, TA = TMIN to TMAX, unless 
otherwise 
noted, 
typical 
values 
are at TA = +25°C.) 


MAX732 
MAX733 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


V+ = 4.5V to 9.3V, 
MAX732C/E 
11.52 
12.0 
12.48 


0< 
ILOAD < 150mA 
MAX732M 
11.40 
12.0 
12.60 


V+ = 6V to 9.3V, 
MAX732C/E 
11.52 
12.0 
12.48 


Output 
Voltage 
0< 
ILOAD < 200mA 
MAX732M 
11.40 
12.0 
12.60 
V 


V+ = 4.5V to 11V, 
MAX733CIEIM 
14.25 
15.0 
15.75 
0< 
ILOAD < 100mA 


V+ = 6V to 11V, 
MAX733CIEIM 
14.25 
15.0 
15.75 
0< 
ILOAD < 125mA 


Input 
Voltage 
Range 
4.0 
9.3 
4.0 
11 
V 


V+ = 4V to 9.3V 
0.20 
Line Regulation 
%N 


V+ = 4V to 11V 
0.20 


Load RegUlation 
ILOAD = OmA to 100mA 
0.0035 
0.0035 
%/mA 


Efficiency 
V+ = 5V, ILOAD = 100mA 
88 
88 
% 


Supply 
Current 
Includes 
switch 
current 
1.7 
3.0 
1.7 
3.0 
mA 


SHDN = 0, Entire 
circuit 
70 
100 
55 
100 
Standby 
Current 
SHDN = 0, Into V+ 


p.A 


6 
6 


Shutdown 
Input 
VIH (Note 
1) 
V+-0.5V 
V+-0.5V 


Threshold 
V 


VIL (Note 
1) 
0.25 
0.25 


Shutdown 
Input 
1.0 
1.0 
p.A 
Leakage 
Current 


Short-Circuit 
Current 
1.5 
1.5 
A 


Undervoltage 
Lockout 
3.7 
4.0 
3.7 
4.0 
V 


+12V / +15V Step-Up Current-Mode 


PWM Regulators 


MAX732 
MAX733 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


LX On Resistance 
ILX = 500mA 
0.5 
0.5 
n 


LX Leakage 
Current 
VDS = 12V 
1.0 
1.0 
pA 


Reference 
Voltage 
1.15 
1.23 
1.30 
1.15 
1.23 
1.30 
V 


Reference 
Drift 
TA = TMIN to TMAX 
50 
50 
ppm/oC 


Oscillator 
Frequency 
130 
170 
210 
130 
170 
210 
kHz 


Compensation 
Pin 
7500 
7500 
n 
Impedance 


SWITCHING 
WAVEFORMS 
CONTINUOUS 
CONDUCTION 
SWITCHING 
WAVEFORMS 
DISCONTINUOUS 
CONDUCTION 


~ 
SOIr 
2/1S 
- 
- 


-- 
-- 
-- 
,'0 
;'f0 
'_ 
'_ 


~--,......--- 
• ~V;···l·i 
L_.l .. ·J 
...Ll 


•.•.•...._ ••........--•.•••......--- 


SOIV 


2IJs/div 


A: 
Switch 
Voltage (LX pin), 5V1div, 
OV to +12.4V 


B: 
Inductor Current, SOOmA/div 


C: 
Output Voltage Ripple, 50mVldiv 


MAX732, 
Circuit of Fig. 2, COUT = 3OOpF, 


V+ = +5V, lOUT = 100mA, TA = +25°C 


2IJs/div 


A: 
Switch 
Voltage (LX pin), 5V1div, 


OV to +12.4V 
B: 
Inductor Current, 200mA/div 
C: 
Output Voltage Ripple, 50mVldiv 
MAX732, 
Circuit of Fig. 2, COUT = 300pF, 
V+ = +5V, lOUT = 20mA, TA = +25°C 


A: 
VOUT. 50mVldiv, 
DC-Coupled 


B: 
V+, 5V1div, 6.0V 
to 9.0V 
Circuit of Fig. 2, lOUT = 200mA, 
TA = +25°C 


50ms/div 


A: 
VOUT, 50mVldiv, 
DC-Coupled 


B: 
lOUT. 50mA/div, 
10mA to 125mA 


Circuit of Fig. 2, V+ = +6V, TA = +25°C 


50ms/div 


A: 
VOUT. 50mVldiv, 
DC'Coupled 
B: 
lOUT. 100mAldiv, 
10mA to 200mA 
Circuit of Fig. 2, V+ = +6V, TA = +25°C 


A: 
VOUT, 50mVldiv, 
DC-Coupled 
B: 
V+, 5V1div, 6.0V to 12.0V 


Circuit of Fig. 2, lOUT = 125mA, 
TA = +25°C 


TYpical Operating 
Characteristics 
(cont'd) 
C') 
C') 
MAX732 
EFFICIENCY 
MAX733 
EFFICIENCY 
ND-LOAD SUPPLY 
CURRENT 
" 


vs. DUTPUT CURRENT 
vs, DUTPUT CURRENT 
vs. SUPPLY VDLTAGE 
)( 
100 
100 
~ 
; 


.s 
I- 


V+ ~ 9V 
z 


~ 
u.J 


90 
~ 
90 
a: 


>- 
V+ ~ 6V 
a: 


>- 
:=> 
" 


'-' 
'-' 
z 
'-' 
u.J 
Z 
~ 
1 
~ 


(3 
u.J 
0.. 


u: 
(3 
0.. 


u... 
if 
:=> 
C') 


u.J 
80 
80 
U) 
u.J 
Cl 
c< 
" 


g 


CIRCUIT OF FIG. 2, 
CIRCUIT OF FIG 2, 
6 
)( 
TA ~ +25°C 
TA ~ +25°C 
z 


70 
70 
; 


0 
50 
100 
150 
200 
250 
300 
0 
100 
200 
300 
400 
2 
4 
6 
·8 
10 
12 


OUTPUT CURRENT (mA) 
OUTPUT CURRENT (mA) 
SUPPLY VOLTAGE 
(V) 


MAX732 
PEAK INDUCTDR 
CURRENT 
MAX733 
PEAK INDUCTDR CURRENT 
DSCILLATDR 
FREQUENCY 


vs. DUTPUT CURRENT 
vs. DUTPUT 
CURRENT 
vs. SUPPLY VDLTAGE 
1000 
1200 
180 
~ 
11000 
N 
.s 800 
g 
l- 
I- 
>- 
Z 
Z 
'-' 
u.J 
u.J 
800 
as 
170 
a: 
a: 
~600 
a: 
:=> 
:=> 
0 
'-' 
'-' 
600 
u.J 


a: 
a: 
EE 
Cl 
~ 
t; 400 
V+ ~ 11V 
a: 
'-' 


~ 
160 
:=> 
:=> 
400 
Cl 
Cl 
CIRCUIT OF FIG 2, 
z 
~ 
;;:: 200 


...J 


"" 
200 


L1 ~ 50pH, 
(3 
c< 
~ 
C4 ~ 300pF, 
U) 
CIRCUIT OF FIG 2, 
u.J 
0 
0.. 
0.. 


TA ~ +25°C 
TA ~ +25°C 
0 
0 
150 
0 
'100 
200 
300 
400 
100 
200 
300 
400 
500 
4 
6 
8 
10 
12 
14 


OUTPUT CURRENT (mA) 
OUTPUT CURRENT (mA) 
SUPPLY VOLTAGE (V) 


MAXIMUM 
DUTPUT 
CURRENT 
va. SUPPLY 
VOLTAGE 
-- 
MAX733 


/ 


MAX732 
f-/... 


/11 
""- 
II/ 
V 


CIRCUIT OF FIG. 2, 


TA~+25°C~ 


~ 
;:- 
400 
z 
u.Ja: 
a: 
G 300 
l- 
:=> 
0.. 
~ 
200 
o 
::E 


~ 
100 
x 
c< 
::E 


6 
8 
10 
12 
14 


SUPPLY VOLTAGE (V) 


+12V/+15V 
Step-Up Current-Mode 
PWM Regulators 
___________________________ 
Pin Description 


PIN# 
PIN# 
16-PIN 
8-PIN DIP 
WIDE SO 
NAME 
FUNCTION 


1 
2 
SHDN 
Shutdown-active 
low. Ground 
to power-down 
chip, tie to V+ for normal 
operation. 


Output 
power 
FET is held off when SHDN is low. 


2 
3 
VREF 
Reference 
Voltage Output 
(+1.23V). Supplies 
up to 100pA for external 
loads. 


3 
5 
SS 
Soft-Start. 
Capacitor 
between 
SS and GND provides 
SS and short-circuit 
protection. 


4 
6 
CC 
Compensation 
Capacitor 
Input. 
Externally 
compensates 
the outer feedback 
loop. 


5 
7 
GND 
Ground. 
Ground 
for control 
circuitry. 


8,9 
GND 
(SW) 
Switch 
Ground. 
Ground 
of the output 
power 
FET. Both pins must be separately 
tied 
to ground 
because 
they are not internally 
connected. 


6 
11,12,13 
LX 
Drain of internal 
N-channel 
power 
MOSFET. 


7 
14 
VOUT 
Output-Voltage 
Sense Input. 
Provides 
regulation 
feedback 
sensing. 
Connect 
to 
+12V or +15V output. 


8 
16 
V+ 
Supply 
Voltage 
Input. 
Bypass to GND with 0.1pF ceramic 
and large-value 
electrolytic 
capacitors 
in parallel. 
The 0.1pF capacitor 
must be as close to the device 


as possible. 


1,4,10,15 
N.C. 
No Connect. 
No internal 
connections 
to these pins. 


MAX732 
CIRCUIT 
CONDITIONS 
SOFT-START 
TIME (ms) ys. C1 (PF) 


V+(V) 
'OUT (mA) 
C4 (PF) 
O.1pF 
O.47pF 
1.0pF 


4.5 
0 
300 
57 ms 
115 ms 
123ms 
6.0 
0 
300 
40 
80 
70 
9.0 
0 
300 
29 
57 
44 
4.5 
100 
300 
92 
348 
780 
6.0 
100 
300 
59 
209 
444 
9.0 
100 
300 
29 
57 
60 
4.5 
200 
300 
175 
713 
1690 
6.0 
200 
300 
84 
340 
756 
9.0 
200 
300 
28 
76 
123 


MAX733 
CIRCUIT 
CONDITIONS 
SOFT-START 
TIME 
(ms) ys. C1 (PF) 


V+ (V) 
'OUT (mA) 
C4 (PF) 
O.1pF 
O.47pF 
1.0pF 


4.5 
0 
300 
90 ms 
208 ms 
251 ms 
6.0 
0 
300 
64 
135 
148 
9.0 
0 
300 
36 
67 
53 
12.0 
0 
300 
28 
49 
33 
4.5 
75 
300 
157 
680 
1380 
6.0 
75 
300 
103 
426 
882 
9.0 
75 
300 
46 
162 
305 
12.0 
75 
300 
28 
49 
33 
4.5 
125 
300 
235 
1124 
2260 
6.0 
125 
300 
133 
596 
1255 
9.0 
125 
300 
54 
231 
476 


12.0 
125 
300 
30 
49 
41 


+12V/+15V 
Step-Up Current-Mode 
PWM Regulators 


C") 


C")" 
><; 
"- 
~ 
C5 
C") 
O.15/lF 
" 


C7 
>< 
2200PFI 
; 
C6 


O.01/lF I 


C1 


o.1/lFI 


MAX732 
VIN = +4.0V 
TO +9.3V 


VOUT = +12V 


MAX733 
VIN = +4.0V 
TO +11.0V 


VOUT = +15V 


VIN 


C2 


01/lF I 


+ 
C3 
I 
150/lF 


11 


50/lH 


01 


LX 
IN5817 


C4 
VOUT 


300/lF i 


_______ 
Operating Principle 


The MAX732 +12V switch-mode 
regulator 
uses a current- 


mode 
pulse-width 
modulation 
(PWM) 
control 
system 


coupled 
with a simple boost regulator topology 
to convert 


an unregulated 
DC voltage ranging 
from 4.0V to 9.3Vto a 


+12V output. 
The MAX733 operates 
likewise, stepping 
up 


to +15V from 
a 4.0V to 11.0V supply. 
The current-mode 


PWM architecture 
provides cycle-by-cycle 
current limiting 


and excellent 
load-transient 
response characteristics. 
_______ 
Detailed Description 


The controller 
consists 
of two feedback 
loops: an inner 


(current) 
loop 
that monitors 
the switch 
current 
via the 


current-sense 
resistor 
(RS) and amplifier, 
and an outer 


(voltage) 
loop that monitors 
the output 
voltage 
via the 


error 
amplifier 
(Figure 
1). The 
inner 
loop 
performs 


cycle-by-cycle 
current 
limiting, 
truncating 
the 
power 


transistor 
on-time 
when 
the switch 
current 
reaches 
a 


predetermined 
threshold. 
This threshold 
is determined 


by the outer loop. Forexample, 
a sagging 
output 
voltage 


produces 
an 
error 
signal 
that 
raises 
the 
threshold, 


allowing 
the circuit 
to store and transfer 
more energy 


during 
each cycle. 


Programmable 
Soft Start 


A capacitor 
connected 
to the Soft-Start 
(SS) pin ensures 
:-~8 
or_d_e_rl_y_p_ow_e_r-_u_p_. 
_T_h_e_vo_l_ta_g_e_o_n_th_e_c_h_a_rg_i_ng 
--- 
NI /J X I/~I 


capacitor 
slowly 
raises the clamp 
on the error-amplifier 


output 
voltage, 
limiting 
surge 
currents 
at power-up 
by 


slowly increasing 
the cycle-by-cycle 
current-limit 
thresh- 


old. 
Soft-start 
timing 
is 
controllable 
from 
SS 
by 


capacitor 
choice. 
A typical 
value 
is O.1pF. Table 1 lists 


timing 
characteristics 
for selected 
capacitor 
values and 


circuit 
conditions. 


The output 
sags if more than the maximum 
load current 
is drawn. 
The overcurrent 
comparator 
trips 
if the load 


exceeds 
approximately 
1.5A. An SS cycle 
is actively 


initiated 
when 
either 
an undervoltage 
or overcurrent 


fault condition 
triggers 
an internal transistor 
to discharge 


the SS capacitor 
to ground. 
O"ercurrent LImiting 


When the load current 
exceeds 
approximately 
1.5A, the 


output 
stage 
is turned 
off by the inner 
loop 
cycle-by- 


cycle current-limiting 
action, 
and the overcurrent 
com- 


parator 
signals 
the control 
logic to initiate 
an SS cycle. 


On each clock cycle, the output 
FET turns on again and 


attempts 
to deliver 
current 
until cycle-by-cycle 
or over- 


current 
limits 
are exceeded. 
Note that the SS capacitor 
must 
be at least 
O.01pF for 
overcurrent 
protection 
to 


function 
properly. 


+12V/+15V 
Step-Up Current-Mode 


PWM Regulators 


C1 


01/./f 


C5 
0.15/./F 


C7 
C4 
+ 


2200pF 
300/./FI 


Figure 2. Standard 
Boost Application 
Circuit 


Undervoltage 
Lockout 


The MAX732/MAX733 
monitor the supply voltage at V+ 


and operate for supply voltages greater than 3.7V (typ). 
4.0V guaranteed, 
with 
O.25V hysteresis 
(see MAX732 


Quiescent 
Supply 
Current 
vs. Supply 
Voltage, 
Typical 


Operating 
Characteristics). 
When an undervoltage 
con- 


dition 
is detected, 
control 
logic 
turns 
off the output 


power FET and discharges 
the SS capacitor 
to ground. 
The control 
logic holds the output 
power FET in an off 


state until 
the supply 
voltage 
rises above the under- 


voltage threshold, 
at which time an SS cycle begins. 


Shutdown 


The MAX7321MAX733 
are held in shutdown 
mode by 


keeping 
SHDN 
at ground. 
In shutdown, 
the 
output 


power FET is off, but there is still an external 
path from 


V+ to the load via the inductor 
and diode. There is also a 


path 
from 
V+ to 
GND 
via the 
inductor, 
diode, 
and 


internal feedback 
resistors at the VOUT pin. The internal 


reference also turns off, which causes the SS capacitor 
to discharge. 
Typical 
device standby 
current 
in shut- 
down 
mode 
is 6J.1A.For 
normal 
operation, 
connect 


SHDN to V+. An SS cycle is initiated when the MAX7321 
MAX733 come out of shutdown. 
Internal Reference 


The +1.23V bandgap 
reference supplies 
up to 100J.lAat 


VREF. A bypass capacitor 
from VREF to GND may be 


required. 


Oscillator 


The 
internal 
oscillator 
typically 
operates 
at 170kHz. 
Temperatu re stabil ity over the mil itary temperatu re range 
is about O.06%fOC. 


PART 
INPUT 
SUPPLY 
OUTPUT 
GUARANTEEO 


RANGE (V) 
WLTNlE 
OUTPUT 
CURRENT 


4.5 to 9.3 
+12V 
150mA 


MAX732 
6.0 to 9.3 
+12V 
200mA 


4.5 to 11.0 
+15V 
100mA 


MAX733 
6.0 to 11.0 
+15V 
200mA 


---- 
__ Application Information 


Standard +12V or + 15V Output Step-Up 


Convener Application 
in 


Continuous-Conduction 
Mode 


Figure 
2 shows 
the 
standard 
+12V or +15V step-up 


application 
circuit 
for 
continuous-conduction 
mode 


operation. 
This circuit 
will operate 
over its entire 
line, 


load, and temperature 
ranges 
using the single 
set of 


component 
values shown. 
All components 
shown 
are 
..- 
suitable for both the MAX732 and the MAX733. 
~ 


The MAX732 delivers 
a guaranteed 
150mA for 4.5V to 


9.3V supply 
voltages, 
and 
a guaranteed 
200mA 
for 


supplies from 6.0V to 9.3V. The MAX733 is guaranteed 
to 


deliver 100mA for inputs ranging from 4.5V to 11.0Vand 
125mA 
for 
inputs 
from 
6.0V to 
12.0V. Both 
devices 


regulate at supply voltages down to 4.0V (the upper limit 
of undervoltage 
lockout), 
but some 
reduction 
of the 


maximum 
output current 
will occur. 


Continuous-conduction 
mode operation 
gives a cleaner 


output 
than 
discontinuous 
operation: 
Peak-to-peak 


ripple 
amplitude 
is minimized 
and ripple 
frequency 
is 


fixed at the oscillator 
frequency. 
Both conditions 
make 


the output 
noise easy to filter. 
However, 
continuous- 


conduction 
mode operation requires additional 
compen- 


sation and bypass capacitors, 
as shown in Figure 2. 


~FILTER 
OUTPUT 
L2 
.•i,+ 
CB 
OUTPUT 


25/./H 
I 
22/./F 


V+ BYPASS 
REQUIREMENTS 


MAX733 applications 
should 
place capacitor 
C2 (fig 


2) to within 
1i2lnch from V+ and GND pins of IC. This 


capacitor 
helps snub high voltages 
created 
by a large 


load transients. 


""'•.••I""'IXI""' 
•.••I 


MAX732 


Your 


TO FLASH 


MEMORY 


Vpp PIN 


IN5817 
+12V ±4% 
@ 120mA 


Vpp 


PROGRAMMING 


CONTROL 


(DIRECT 


FROM tiP) 
5000pF 
+I33t1F 


Figure 
3. Flash 
Memory 
Programmer 


+12V Flash Memory 
Programming 
Power Supply 


The circuit 
of Figure 3 is a simple +12V ±4%, 120mA flash 


memory 
programmer. 
The small 
18pH inductor 
forces 


thecircuitto 
operate in discontinuous-conduction 
mode, 
which 
allows 
for smaller 
input 
and output 
filter capaci- 
tors and the removal of several bypass and compensation 
capacitors 
relative 
to the standard 
application. 
It also 


makes 
the 
circuit 
less sensitive 
to 
PC layout 
errors. 


Programming 
is controlled 
by a direct 
microprocessor 


input 
to the SHDN 
pin of the MAX732. 
When SHDN 
is 


forced 
high, the output 
voltage, 
which 
is connected 
to 


the Vpp input 
of the flash 
memory, 
rises to +12V and 


programs 
the flash memory. 
When SHDN 
goes low, the 


output 
voltage 
drops 
to approximately 
a diode 
drop 


below 
VIN. The voltage 
at the Vpp pin has to be kept 


below 
6.5V to avoid 
inadvertent 
programming. 


For a +5V input, 
efficiency 
is 88%, quiescent 
current 
for 


this circuit 
is 1.7mA, circuit 
shutdown 
current 
is 70pA, 
and 
shutdown 
current 
into 
the 
V+ pin 
is 6pA. 
See 


Application 
Note 
4.2. 


2-Cell to +12V Battery-Powered 
Flash Memory Programming 
Supply 


The circuit 
of Figure 4 allows for +12V step-up 
operation 


with battery 
supplies 
as low as 1.8V.The MAX732~ 


voltage 
(V+) 
and 
programming 
control 
pin 
(SHDN) 


operate 
from 
the 
+5V logic 
supply, 
while 
the voltage 


across the inductor 
is supplied 
directly 
from the battery. 


This application 
is targeted 
for 60mA operation. 
It is not 


possible 
to achieve 
output 
currents 
greater 
than 80mA 


with 
VSATT 
below 
2.0V 
because 
of 
the 
high 
peak 


currents 
required. 


47t1H 


IN5817 


Vpp 


PROGRAMMING 


CONTROL 


(DIRECT 


FROM tiP) 


LX 
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MAX732 


Vpp 


PROGRAMMING 


VOLTAGE 
+12V ±4% 
@ 60mA 
O.1t1F 


+ 


68°tlFI 


Figure 4. 2-Cell to +12V Battery-Powered 
Flash Memory 


Programmer 


Inductor Selection 


The MAX732/MAX733 
require 
no inductor 
design. 
They 


are tested 
in-circuit, 
and are guaranteed 
to deliver 
the 


power 
specified 
in the Electrical 
Characteristics 
with 


high 
efficiency 
using 
a single 
50pH 
inductor. 
A 47pH 


inductor 
can also be used. The 50pH inductor's 
incre- 


mental 
saturation 
current 
rating should 
be greater 
than 


500mA 
for 
200mA 
load 
operation. 
For 
lower 
power 


applications, 
smaller 
inductor 
values 
may 
be 
used. 


Table 
2 shows 
recommended 
inductor 
types 
and 


suppliers 
for various 
applications. 
The 
listed 
surface- 


mount 
inductors' 
efficiencies 
are nearly 
equivalent 
to 


those 
of the larger-sized, 
through-hole 
inductors. 


Output Filter Capacitor Selection 


The 
primary 
criterion 
for 
selecting 
the 
output 
filter 


capacitor 
is low equivalent 
series resistance 
(ESR). The 


product 
of the inductor 
current 
variation 
and the ESR of 


the output 
capacitor 
determines 
the amplitude 
of the 


high-frequency 
ripple 
seen on the output 
voltage. 
The 


ESR of the capacitor 
should 
be less than 0.250 to keep 


the 
output 
ripple 
less than 
50mVp_p 
over 
the 
entire 


current 
range 
(using 
a 50pH inductor). 
In addition, 
the 


ESR ofthe 
outputfiltercapacitorshould 
be minimized 
to 


maintain 
AC stability. 
Refer 
to Table 
2 for suggested 


capacitor 
suppliers. 


In the standard 
application 
of Fig. 2, the output 
capacitor 


value 
should 
be at least 
300pF 
in order 
to 
maintain 


stability 
at full 
loads. 
150pF capacitors 
(MAXCOO1) are 


available 
from 
Maxim 
in production 
quantities. 
Two of 


these 
capacitors 
can be connected 
in parallel. 
Lighter 


loads 
require 
proportionately 
lesser capacitor 
values. 


+12V/+15V 
Step-Up Current-Mode 


PWM Regulators 


PRODUCTION 
METHOD 
INDUCTORS 
CAPACITORS 


Surface Mount 
Sumida 
(708) 956-0066 
Matsuo 
(714) 969-2491 


CD54-470 (47pH) 
267-series 
CD54-180 (ll¥tH) 
for discontinuous 
mode 


Coiltronics 
(305) 781-8900 
CTX lOQ-series 


Miniature 
Through-Hole 
Sumida 
(708) 956-0666 
Sanyo (619) 661-6322 


RCH654-470 
OS-CON-series 
Low ESR Organic 
semiconductor 


Low-Cost 
Through-Hole 
Renco (516) 586-5566 
Maxim 


RL 1284-47 
MAXCOO1 
15OpF, Low ESR Electroyltic 


Nichicon 
(708) 843-7500 


PL-series 
Low ESR Electroly1ics 


United Chemicon 
(708) 696-2000 


LXF-series 


Other Components 


The catch diode should be a Schottky or high-speed 
silicon rectifier with a current rating of at least 500mA for 
full-load 
(200mA) operation. 
The 1N5817 is a good 


choice. The two compensation capacitor (CC) values at 
the CC input 
are critical 
because they 
have been 


selected to provide the best transient responses. 


Output Ripple 
Filtering 


An optionallowpass 
pi-filter (Figure 2) can be added to 


the output to reduce output ripple to about 5mVp-p. The 
cutoff frequency of the filter shown is 21kHz. Since the 
filter 
inductor 
is in series with the circuit 
output, 
its 


resistance 
should 
be minimized 
to avoid excessive 


voltage drop. 


.~ 
• 


Figure 5. Surface-Mount 
PC Layout for Standard 


Step-Up Application 
(1x Scale, Top-Side 


Trace View) 


Figure 6. Surface-Mount 
PC Layout for Standard 


Step-Up Application 
(1x Scale, Bottom-Side 
Trace View) 


+12V/+15V 
Step-Up Current-Mode 
PWM Regulators 


Figure 
7. Surface-Mount 
Drilling 
Guide 
for 


Standard 
Step-Up 
Application. 
All 
Holes 
are 0.031" 
in diameter. 
(1x Scale, 
Top-Side 
Trace 
View) 


Printed Circuit Layouts 


A good layout is essential to clean, stable operation. The 
surface-mount 
layout 
and 
component 
placement 


diagrams 
in Figures 5-8 have been successfully 
tested 


over a wide range of operating 
conditions. 
The surface- 


mount 
layout shown is configured 
for the Sumida and 


Matsuo 
surface-mount 
components 
listed in Table 2. 
Note that the input bypass capacitors must be positioned 
as close to the VOUT and GND pins as possible. 
The 


traces connecting 
the ground 
to the input and output 


filter 
capacitors 
and the 
MAX732/MAX733 
GND 
pin 


must be short to reduce stray inductance. 


Figure 
8. Surface-Mount 
Component 
Placement 


Diagram 
for Standard 
Step-Up 
Application. 


Component 
Labels 
Refer 
to Figure 
9 


MAX732 
Evaluation Board 


An assembled 
surface-mount 
printed 
circuit 
board is 


available for the MAX732. Intended for prototyping 
and 


performance 
evaluation, 
this board is a +12V switched 


power supply capable of delivering 
120mA. The evalua- 


tion 
board 
circuit 
is configured 
as the flash 
memory 


programmer 
shown 
in 
Figure 
9, 
and 
contains 
all 


components, 
including 
a 
miniature 
surface-mount 
inductor 
and tantalum 
filter 
capacitors 
on a printed 


circuit 
layout 
similar 
to Figures 5-8. Also included 
on 


the board is a P-channel MOSFET switch for applications 
that 
require 
total 
turn-off 
of 
the 
MAX732 
output. 


The evaluation 
board can be ordered 
as part number 
"MAX732EVKIT." 
For 
more 
information 
about 
the 


MAX732 evaluation 
board refer to AN-4.1, "MAX732 EV 


Surface-Mount 
Evaluation 
Board and Flash EEPROM 


Power Supply 
Application 
Notes." 
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C1 
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COUNT: 
226 


Maxim 
cannot 
assume 
responsibility 
for use of any circuitry 
other 
than circuitry 
entirely 
embodied 
in a Maxim 
product. 
No circuit 
patent 
licenses 
are implied. 


Maxim 
reserves 
the 
right 
to change 
the circuitry 
and 
specifications 
without 
notice 
at any 
time. 
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ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 
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+12V, 120mA Flash Memory 


Programming Supply 


_____________ GeneralDescription 


The MAX734 
is a + 12V-output, 
step-up, 
DC-DC switch- 


mode regulator. 
It delivers 
a guaranteed 
120mA from a 


4.75V input, and is ideal for programming 
flash memo- 


ries. 
It comes 
in 8-pin SO and DIP packages, 
and uses 
only a diode, an 1811Hinductor, 
and two 3311Fcapacitors. 
The entire circuit 
is completely 
surface-mountable 
and 


fits into less than O.3in2. 
The MAX734 
also features 
a 
logic-controlled 
shutdown 
pin that allows 
direct 
micro- 


processor 
control. 
In-circuit 
testing ensures guaranteed 


output 
specifications 
over 
load, 
line, and 
temperature 


limits. 


Battery-saving 
features 
include 
88% 
efficiency, 


1.1 mA operating 
quiescent 
supply 
current, 
and 7011A 


shutdown 
supply 
current. 
The operating 
supply 
cur- 


rent can 
be reduced 
to less than 
50011A by toggling 


the shutdown 
pin with the microprocessor. 
The min- 


imum 
input 
start-up 
voltage 
is 1.9V. 


The MAX734 uses current-mode 
pulse-width 
modulation 


(PWM) control 
to provide 
precise 
output 
regulation 
and 


low subharmonic 
noise. 
A fixed 
170kHz 
oscillator 
fre- 


quency facilitates 
ripple filtering and allows the use of tiny 
external 
capacitors. 


For higher-current 
solutions 
up to 250mA, 
refer to the 


MAX732 data sheet and evaluation kit (MAX732EVKIT-SO). 
__________ 
Applications 


+12V Flash Memory 
Programming 
Supplies 


PCMCIA 
+ 12V Supplies 


Solid-State 
Disk Drives 


Palmtop Computers 


Compact 
+ 12V Op-Amp 
Supplies 


Pin Configuration 


• 
Regulated 
+12V ±5% Output 


• 
Guaranteed 
120mA Output Current 


• 
Tiny Flash Memqry 
Programming 
Circuit: 


Fits into 
O.3in 
8-Pin SO and Plastic DIP Packages 
Uses Tiny 1811HInductor 
and 3311FCapacitors 


• 
Logic-Controlled 
7011AShutdown 


• 
88% Typical 
Efficiency 


• 
1.9V Minimum 
Input Start-Up 
Voltage 


______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX734CPA 
O°C to +70°C 
8 Plastic 
DIP 


MAX734CSA 
O°C to +70°C 
8S0 


MAX734C/D 
O°C to +70°C 
Dice" 


MAX734EPA 
-40°C 
to +85°C 
8 Plastic 
DIP 


MAX734ESA 
-40°C 
to +85°C 
8S0 


MAX734MJA 
-55°C 
to + 125°C 
8 CERDIP" 


" Contact 
factory 
for dice specifications. 
•• Contact 
factory for availability 
and processing 
to MIL-STO-883. 


Vpp 


PROGRAMMING 


CONTROL 


(DIRECT FROM 


MICROPROCESSOR) 


+ 12V, 120mA Flash Memory 
Programming Supply 


ABSOLUTE 
MAXIMUM 
RATINGS 


Pin Voltages 
V+, LX 
. +17V, -0.3V 
VOUT .. _._._._.. . 
±25V 
SS, CC, SHDN 
. 
-0.3V to (V+ + 0.3V) 
Peak Switch 
Current 
(ILX) . 
. . . . . . . . . 
1.5A 
Reference 
Current 
(IVREF) 
. . . . . . . . . . . . . . . . . 
25mA 
Continuous 
Power Dissipation 
(TA = + 70°C) 
Plastic DIP (derate 9.09mWrC 
above 
+70°C) 
SO (derate 5.88mWrC 
above 
+ 70°C) 
CERDIP (derate 8.00mWrc 
above 
+70°C) 


O°C to +70°C 


.. -40°C to +85°C 


.. 
_55°C to +125°C 


727mW 
471mW 
640mW 


Operating 
Temperature 
Ranges: 


MAX734C __ 
MAX734E __ 
, . 


MAX734MJA 
, .. 


Junction 
Temperatures: 


MAX734C_JE 
__ 
. 
. 
+150°C 


MAX734MJA 
, 
+ 175°C 


Storage 
Temperature 
Range 
-65°C to + 160°C 
Lead Temperature 
(soldering, 
10 see) 
. 
. .. 
+300°C 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and lunctional 


operation 
of the device 
at these or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Circuit 
of Figure 
1, V+ = 5V, ILOAD = OmA, TA = TMIN to TMAX, typical 
values 
are at TA = +25°C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


V+ = 4.75V to 12V, Figure 
1, 
MAX734C/E 
11.64 
12.12 
12.60 


Output Voltage 
OmA < ILOAD < 120mA 
V 


V+ = 2V to VOUT, Figure 2 
MAX734M 
11.40 
12.12 
12.60 


V+ = 4.75V, Figure 
1 
120 
150 


V+ = 4.75V, Figure 2 
175 


Load Current 
V+ = 3.5V, Figure 2 
110 
mA 


V+ = 2.7V, Figure 2 
75 


V+ = 2.0V, Figure 2 
40 


Figure 
1 
3.5 


Minimum 
Input Start-Up 
Voltage 
V 
Figure 2 
1.9 


Maximum 
Input Voltage 
VOUT 
V 


Line Regulation 
V+ = 5Vto 
12V 
0.20 
%N 


Load Regulation 
ILOAD = OmA to 100mA 
0.0035 
%/mA 


Efficiency 
V+ = 5V, ILOAD = 100mA 
88 
% 


Supply 
Current 
Includes 
switch current 
(Note 1) 
1.1 
2.5 
mA 


SHDN = 0, entire circuit 
70 
100 
Standby 
Current 


SHDN = 0, into V+ 
6 


IlA 


Shutdown 
Input Threshold 


VIH (Note 1) 
2.0 


VIL(Note 
1) 
V 
0.25 


Shutdown 
Input Leakage 
Current 
1.0 
IlA 


LX On Resistance 
ILX = 500mA 
0.5 
n 


LX Leakage 
Current 
VDS = 12V 
1.0 
j.tA 


Reference 
Voltage 
1.23 
V 


Reference 
Drift 
TA = TMIN to TMAX 
50 
ppmoC 


Oscillator 
Frequency 
170 
kHz 


Compensation 
Pin Impedance 
7500 
n 


Note 
1: Quiescent 
supply 
current 
can be reduced 
to less than 500llA 
by pulsing 
SHDN while supplying 
12V to a small load. 
See 
Generaf Description. 


SHDN 
V+ 
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VREF 
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+ 12V, 120mA Flash Memory 


Programming Supply 
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-5V-Output Inverting 


Current-Mode PWM Regulator 


_______ 
General Description 


The MAX735 is a CMOS inverting 
switch-mode 
regulator 


with an internal 
power MOSFET. 
It operates 
from a 4.0V 


to 6.2V input. 
200mA 
output 
current 
is guaranteed 
for 


inputs 
greater 
than 4.5V. 
Quiescent 
supply 
current 
is 


typically 
1.6mA, 
and a shutdown 
mode 
reduces 
this to 


10llA. 
These power-conserving 
features, 
along with high 


efficiency 
and an application 
circuit 
that lends 
itself to 


miniaturization, 
make the MAX735 excel in a broad range 


of on-card 
and portable 
equipment 
applications. 


The MAX735 employs 
a high-performance 
current-mode 


pulse-width 
modulation 
(PWM) control scheme to provide 


tight 
output-voltage 
regulation 
and 
low 
subharmonic 


noise. 
The fixed-frequency 
oscillator 
is factory-trimmed 


to 160kHz, allowing for easy noise filtering. 
The regulator 


is production 
tested 
in an actual application 
circuit, 
and 


output 
accuracy 
is guaranteed 
to within 
±5% 
over all 


specified 
conditions 
of line, load, and temperature. 


For a similar device with a wider input voltage range, refer 
to the 
MAX739 
data 
sheet. 
For fixed 
-12V and 
-15V 


versions, 
refer to the MAX736/MAX737 
data sheets. 
For 


a regulator 
with an adjustable 
OV to -15V output, 
see the 


MAX759 data sheet. 
For lower-power 
applications, 
refer 


to the MAX635/636/637 
data sheet. 


__________ 
Applications 


Board-Level 
DC-DC Conversion 


Battery-Powered 
Equipment 


Computer 
Peripherals 


+ 
471lF I 


V+ 


SHDN 
VOUT 


AIIAXIAII 


VREF MAX135 


Features 


• 
Converts 
+4.0V to +6.2V Input to -5V Output 


• 
200mA Guaranteed 
Output Current 
(VIN ~ 4.5V) 


• 
78% Typical 
Efficiency 


• 
1.6mA Quiescent 
Current 


• 
10j.tA Shutdown 
Mode 


• 
160kHz 
Fixed-Frequency 
Oscillator 


• 
Current-Mode 
PWM - Low Noise and Jitter 


• 
Undervoltage 
Lockout 
and 50ft-Start 


• 
Simple 
Application 
Circuit 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX73SCPA 
O'C to +70'C 
S Plastic 
DIP 


MAX73SCSA 
O'C to +70'C 
SSO 


MAX73SC/D 
O'C to +70'C 
Dice' 


MAX73SEPA 
-40'C 
to +SS'C 
S Plastic 
DIP 


MAX73SESA 
-40'C 
to +SS'C 
SSO 


MAX73SMJA 
-SS'C to + 12S'C 
S CERDIP" 


, 
Contact 
factory 
for dice specifications. 


" 
Contact 
factory for availability 
and processing 
to MIL-STO-883. 


/Li'l/J X I/Li'l 
Maxim Integrated 
Products 
4-109 


Call toll free 1·800·998·8800 for free samples or literature. 


-SV-Output Inverting 
Current-Mode 
PWM Regulator 


Operating 
Temperature 
Ranges: 


MAX735C 
O'C to + 70"C 


MAX735E __ 
. . . . . . . . . . . . . . . . . . . . . . . . 
-40'C 
to +85'C 


MAX735MJA 
-55'C 
to + 125'C 


Junction 
Temperatures: 
MAX735C/E_ 
_ . 


MAX735MJA 
. 


Storage 
Temperature 
Range 


Lead Temperature 
(soldering. 
10 sec) 
. 


Supply 
Voltage 
(V+ to GND) 
+ 7V. -0.3V 


Switch 
Voltage 
(LX to V+) 
+ 12.5V. -0.3V 
Feedback 
Voltage 
(VouTto 
GND) 
±25V 


Auxiliary 
Input Voltages 


(SS, CC, SHDN to GND) 
Peak Switch Current 
(ILX) 


Reference 
Current 
(IVREF) . 
Continuous 
Power Dissipation 
(TA = + 70'C) 
Plastic DIP (derate 909mWrC 
above 
+70'C) 
. 727mW 


SO (derate 588mWrC 
above 
+70'C) 
471mW 


CERDIP 
(derate 
8.00mWrC 
above 
+ 70'C) 
640mW 


........ 
-0.3Vto(V+ 
+ 0.3V) 


........ 
2.0A 


.. 2.5mA 


+150'C 
+175'C 


-65'C 
to + 160'C 
+300'C 


Stresses 
beyond 
those tisted 
under 
'Absolule 
Maximum 
Ralings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliabitity. 


ELECTRICAL 
CHARACTERISTICS 


(Circuit 
of Figure 2. V+ = 5V, ILOAD = OmA, TA = TMIN to TMAX, typical 
values 
are at TA = +25'C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Voltage 
Ranqe 
40 
6.2 
V 


OmA < ILOAD < 200mA, 
-5.25 
-5.0 
-4.75 
Output 
Voltage 
V+ = 4.5V to 6.2V 
TA = -40'C 
to +85'C 
V 
OmA < ILOAD < 175mA, 
-5.25 
-5.0 
-4.75 
TA = -55'C 
to + 125'C 


Output 
Current 
V+ = 4.5V to 6.2V 
TA = -40'C 
to +85'C 
200 
275 
mA 


TA = -55'C 
to +125'C 
175 


Line Regulation 
V+ = 4.0V to 6.2V 
0.1 
%N 


Load Requlation 
ILOAD = OmA to 200mA 
0.001 
%/mA 


Efficiency 
ILOAD = 100mA 
78 
% 


Supply 
Current 
Includes 
switch current 
1.6 
3.0 
mA 


Standbv 
Current 
VSHDN = OV 
10 
100 
uA 


Short-Circuit 
Current 
1.5 
A 


Undervoltage 
Lock-Out 
3.7 
4.0 
V 


LX On Resistance 
0.5 
n 


LX Leakaqe 
Current 
VDS = +10V 
1 
uA 


Reference 
Voltage 
TA = +25'C 
(IVREF = OJ.lA) 
1.15 
1.23 
1.30 
V 


Reference 
Drift 
TA = TMIN to TMAX 
50 
ppmrc 


Oscillator 
Frequency 
130 
160 
210 
kHz 


Compensation 
Pin Impedance 
7500 
n 


SHDN 
Input Current 
1 
uA 


SHDN Logic 
High 
V+ - 0.5 
V 


SHDN Logic 
Low 
0.25 
V 
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Current-Mode PWM Regulator 


A = SWITCH VOLTAGE (LX), SV/div 
B = INDUCTOR CURRENT, SOOmNdiv 
C = OUTPUT VOLTAGE RIPPLE, SOmV/div 
TIMEBASE = 2).lsldiv 
CIRCUIT OF FIG. 1 
VIN = SV 
TA = t2S"C 


A= LOAD CURRENT, OmA TO 200mA 
B = OUTPUT VOLTAGE, 5OmV/div 
T1MEBASE= 10msldiv 
CIRCUIT OF FIG 1 
VIN = SV 
TA=t2S"C 


A = INPUT VOLTAGE, 4V TO 6V 
B = OUTPUT VOLTAGE, 5OmV/div 
T1MEBASE = SOO).lsldiv 
ILDAD= 100mA 
TA = t2S"C 


PIN 
NAME 
FUNCTION 


1 
SHDN 
SHUTDOWN 
Control. 
V+ ; 
normal operation, 
GND ; 
shutdown. 


2 
VREF 
Reference 
Voltage 
Output; 
1.23V. Supplies 
up to 125!J.A for external 
loads. 


3 
SS 
Soft-Start 


4 
CC 
Compensation 
Input of the error amplifier. 
Held at virtual ground. 


5 
VOUT 
Output 
Voltage feedback 
terminal 
(actually 
an input). 
Connected 
to internal 
resistors. 


6 
GND 
Ground 


7 
LX 
Switch 
Output 
- internal 
P-channel 
MOSFET drain 


8 
V+ 
Positive Supply-Voltage 
Input. 
Bypass 
with a 11lF ceramic 
capacitor 
close to V+ and GND pins. 
Use 
additional 
bypass 
capacitor 
as shown in Figures 
1, 2, and 3. 


SHDN 
V+ 


.••..•"'Xl .••..• 


MAX735 


VREF 
LX 
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Current-Mode 
PWM Regulator 


4.0VTO 
6.2V 
11lF + 
Cl 
INPUT 


~ 
~ 
471lF/10V 


10llH 


OPTIONAL LOWPASS OUTPUT FILTER 


FILTER 
OU~ 
OUTPUT 
.+I 221lF 


Figure 
1. Application 
Circuit 
Using Surface-Mount 
Components 
(Commercial 
and Extended 
Industrial 
Temperature 
Ranges) 


+ 
R1' :r:: 1lJ1lF 
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3 


SHDN 
V+ 


.••..•"'Xl .•.••• 


MAX735 


VREF 
LX 


OPTIONAL LOWPASS OUTPUT FILTER 


FILTER 
OU~ 
OUTPUT 
.+I 221lF 


4.0V TO 
6.2V 
11lF + 
C1 
INPUT 
:J= 
:J;: 220!!F 11 OV 
- 
- 
OS-CON 


~ 
C2 
220IlF/10V 
OS-CON" 


MAY BE OMITTED IF LOAD CURRENT IS LIMITED TO 100mA 
•• 
OS-CON CAPACITORS LIMITED TO -S5"C TO +10S"C OPERATION. 
FOR OPERATION UP TO +12S"C, OTHER CAPACITORS MUST BE 
SPECIFIED. 


Figure 
3. Application 
Circuit 
Using 
Through-Hole 
Components 
(All Temperature 
Ranges) 
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3.3M 
R2' 


CC 
VOUT 


82pF 


::r:: C3' 


lOIlH 
-= 


1NS817 


-S.OV 
C2 
OUTPUT 
~ mrJ(~~M 


ELECTROLYTIC 
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OU~ 
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.+I 221lF 


Figure 2. Application 
Circuit 
Using 
Through-Hole 
Components 
(Commercial 
Temperature 
Range) 


______ 
Detai'ed Description 
~ 


Operating Principle 


The 
MAX735 
is a monolithic 
CMOS 
IC containing 
a 
current-mode 
PWM controller 
and a 2A P-channel 
power 


MOSFET. 
Current-mode 
control 
provides 
excellent 
line- 
transient 
response, 
inherent 
overcurrent 
protection, 
and 
excellent 
AC stability. 
The switch transistor 
is a current- 
sensing 
MOSFET 
that 
splits 
off a fraction 
of the total 
source 
current for current-limit 
detection. 


Basic Application 
Circuits 


The three 
basic 
application 
circuits 
shown 
are simple 


designs 
using standard, 
off-the-shelf 
components. 
Fig- 
ure 1's circuit 
uses tantalum 
surface-mount 
capacitors 


and a surface-mount 
inductor, 
minimizing 
board 
space 
and allowing 
for wide-temperature 
operation. 
The 
low 


equivalent 
series 
resistance 
(ESR) 
of the 
tantalum 


capacitors 
(typically 
70mQ 
at +25'C 
and 
140mQ 
at 


-55'C) 
makes 
for a quiet 
output 
(see Switching 
Wave- 
forms 
in the 
Typical 
Operating 
Characteristics). 


-SV-Output Inverting 
Current-Mode 
PWM Regulator 


BIAS 
GEN 


VOUT 


ERRORAMP 
FIF 
CC 
a 


82pF' 


~ 
JJ.lL 


165kHz 
OSC 


SS 


3.3M' 


= GND 


'MAY BE OMITIED IF lOAD CURRENT IS LIMITED TO 100mA 


Figure 
2's circuit 
provides 
a through-hole 
solution 
for 
commercial-temperature 
operation. 
The capacitors 
are 
radial-lead 
aluminum 
electrolytics 
with an ESR of approx- 


imately 
100mQ 
at +25'C. 
These 
and 
other 
standard 
aluminum 
electrolytic 
capacitors 
have an ESR 100 times 
greater 
at -55'C 
than at +25'C, 
so they are not recom- 
mended 
for operation 
below O'C. 
Since output 
voltage 
ripple is proportional 
to the ESR of the output filter capac- 
itor, the ripple with standard 
aluminum 
electrolytic 
capac- 


itors is 1.4 times that associated 
with tantalum capacitors. 


Refer to Figure 
3 for a wide-temperature, 
through-hole 


solution. 
The capacitors 
are organic 
semiconductor 


(Os-Con) 
aluminum 
electrolytics, 
which exhibit 
low ESR 


over a wide temperature 
range (typically 
30mQ at +25'C 
and -55'C). 


Table 
1 lists component 
suppliers 
for the circuits 
dis- 
cussed 
above. 


If the load current 
is limited 
to 100mA, 
R1, R2, and C3 
(Figures 
1-3) may be omitted. 
The 
1.01lF V+ bypass 
capacitor 
must be placed 
as close as possible 
to pins 6 
and 8. 


Output·Ripple 
Filtering 


An optional 
lowpass 
pi-filter (Figures 
1-3) can be added 
to the output 
to reduce 
output 
ripple 
to about 
5mVp-p. 


The cutoff frequency 
of the filter shown 
is 21 kHz. 
Since 
the filter inductor 
is in series with the circuit 
output, 
its 
resistance 
should 
be minimized 
to avoid excessive 
volt- 
age drop. 
Note that the feedback 
must be taken before 
the filter, not after the filter. 


-SV-Output Inverting 


Current-Mode 
PWM Regulator 


Soft-Start Buffer 


The voltage 
applied 
to the 
Soft-Start 
(SS) input 
de- 


termines 
the peak 
switch-current 
limit (see Soft-Start 
Delay 
Time 
graph 
in Typical 
Operating 
Characteris- 


tics). 
A capacitor 
attached 
to SS ensures 
an orderly 
power-up 
sequence 
by gradually 
increasing 
the cur- 


rent limit. 
SS is pulled 
up to VREF internally 
through 
a 1.2MQ 
resistor. 
The maximum 
current 
limit can be 
fixed 
externally 
at 
a 
lower 
than 
normal 
value 
by 
clamping 
the SS voltage 
to a voltage 
less than VREF. 
An SS cycle 
is initiated 
whenever 
either 
an undervolt- 


age lockout 
or overcurrent 
fault condition 
triggers 
an 


internal 
transistor 
to discharge 
the 
SS capacitor 
to 
ground. 
Note 
that 
the 
SS capacitor 
should 
be 
at 
least 
1OnF for the overcurrent 
limit to function 
prop- 


erly. 


Undervoltage 
Lockout 


The MAX735 
operates 
for supply 
voltages 
greater 
than 


3.7V typ (4V guaranteed), 
with O.25V of hysteresis. 
Inter- 


nal control 
logic holds the output power MOSFET off until 
the supply 
rises 
above 
the undervoltage 
threshold, 
at 
which time a soft-start 
cycle 
begins. 


Inductor Selection 


The MAX735 operates 
with a standard 
1011Hinductor 
for 


the entire 
range 
of supply 
voltages 
and load currents. 
The inductor 
must have a saturation 
(incremental) 
current 


rating greater than the peak switch current obtained 
from 


the Peak Switch 
Current 
vs. Load Current 
graph 
under 
Typical Operating 
Characteristics. 


Printed Circuit Layout and Grounding 


Good 
layout 
and grounding 
practices 
will ensure 
low- 


noise, jitter-free 
operation. 
Minimize 
wire lengths 
in the 


high-current 
paths, especially 
the distance 
between 
the 


inductor 
and the return 
leads 
of the filter and 
bypass 
capacitors 
(C1 
and 
C2). 
These 
high-current 
ground 


connections 
should be brought to a single common 
point 


(a 'star' 
ground). 
Place 
a low-ESR 
bypass 
capacitor 
directly 
at V+ and GND. 


PRODUCTION 
INDUCTORS 
CAPACITORS 
METHOD 


Surface 
Mount 
Sumida 
Matsuo 
CD54-100 
(lOIlH) 
267 series 


Sanyo 
Miniature 
Sumida 
Os-Con 
series 
Through 
Hole 
RCH855-100M 
(101lH) 
low-ESR organic 
semiconductor 


Nichicon 
PL series 


Low-Cost 
Renco 
low-ESR 


Through 
Hole 
RL 1284 (lOIlH) 
electrolytics 


United 
Chemicon 


LXF series 


Matsuo 
USA (714) 969-2491 
FAX (714) 960-6492 
Matsuo Japan 
(06) 332-0871 


Nichicon 
(708) 843-7500 
FAX (708) 843-2798 


Renco (516) 586-5566 
FAX (516) 586-5562 
Sanyo Os-Con 
USA (619) 661-6322 
Sanyo Os-Con Japan 
(0720) 70-1005 
FAX (0720) 70-1174 
Sumida 
USA (708) 956-0666 
Sumida 
Japan 
(03) 3607 -5111 FAX (03) 3607 -5428 
United Chemi-Con 
(708) 696-2000 
FAX (708) 640-6311 
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-5V, -12V, -15V, and Adjustable 
Inverting Current-Mode PWM Regulators 


_______ 
General Description 


The MAX736/737/739/759 
are CMOS, 
inverting, 
switch- 
mode 
regulators 
with 
an 
internal 
power 
MOSFET. 
Guaranteed 
output 
power 
is 1.25W when powered 
from 
a +4.5V 
input, 
and 
2.5W 
when 
powered 
from 
+ 12V. 


Quiescent 
supply 
current 
for the 
MAX739 
is typically 
1.7mA, and a shutdown 
mode reduces 
this to 1~A. These 
power-conserving 
features, 
along 
with 
high 
efficiency 
and an application 
circuit 
that lends itself to miniaturiza- 
tion, make these parts excel in a broad range of on-card 
and portable 
equipment 
applications. 


The MAX736/737/739 
have fixed outputsof-12V, 
-15V, and 
-5V respectively. The MAX759 is adjustable from OVto -15V. 
Output voltages 
beyond -15V require a transformer. 


These inverting 
DC-DC converters 
employ a high-perfor- 


mance, current-mode, 
pulse-width 
modulation 
(PWM) con- 
trol scheme to provide tight output voltage regulation 
and 


low noise. The fixed-frequency 
oscillator is factory-trimmed 
to 165kHz, allowing 
easy noise filtering. The devices 
are 
production 
tested 
in an actual 
application 
circuit, 
and 
output accuracy 
is guaranteed 
at ±5% over all specified 
conditions 
of line, load, and temperature. 


The input voltage range is +4V to + 15V. For similar devices 
with smaller packages 
and an input voltage range of +4V 
to + 11V, refer to the MAX735/MAX755 
data sheet. 


__________________ 
AppHcafions 


low-Noise 
Analog 
Signal Processing 
Circuits 


LCD Bias Supplies 


Power Supplies 
for ECl 


Board-level 
DC-DC Conversion 


Battery-Powered 
Equipment 


Computer 
Peripherals 


V+ 


SHDN 
VOUT 


AIIAXIAII 


VREF MAX739 


22nFI 


VOUT 
-5V 
200mA 


____________ 
Features 


• 
Pre-Set -5V, -12V, -15V or Adjustable 
Outputs 


• 
Convert 
Positive 
Voltages 
to Negative 


• 
1.25W Guaranteed 
Output 
Power 


• 
83% Typical 
Efficiency 


• 
1.7mA Quiescent 
Current 
(MAX739) 


• 
1~A Shutdown 
Mode (MAX739) 


• 
+4V to +15V Input Voltage 
Range 


• 
165kHz Current-Mode 
PWM - Low Noise and Jitter 


• 
Undervoltage 
Lockout and Soft-Start 
Protection 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX736CPD 
O'C to +70'C 
14 Plastic 
DIP 


MAX736CWE 
O'C to +70'C 
16 Wide SO 


MAX736C/D 
O'C to +70'C 
Dice' 


MAX736EPD 
-40'C 
to +8S'C 
14 Plastic 
DIP 


MAX736EWE 
-40'C 
to +8S'C 
16 Wide SO 


MAX736MJD 
-SS'C to +12S"C 
14 CERDIP" 


MAX737CPD 
O'C to +70'C 
14 Plastic 
DIP 


MAX737CWE 
O'C to +70'C 
16 Wide SO 


MAX737C/D 
O'C to +70'C 
Dice' 


MAX737EPD 
-40'C 
to +8S'C 
14 Plastic 
DIP 


MAX737EWE 
-40'C 
to +8S'C 
16 Wide SO 


MAX737MJD 
-SS'C to +12S'C 
14 CERDIP" 


Ordering 
Information 
continued 
on last page. 


, Contact 
factory 
for dice specifications. 


"Contact 
factory for availability 
and processing 
to MIL -STO-883. 


.•••", •.•••J X' .•.."'. 
Maxlm Integrated 
Products 
4-117 


Call toll free 1-800.998-8800 for free samples or literature. 


·5V, .12V, .15V, and Adjustable 
Inverting Current·Mode 
PWM Regulators 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(V+ to GND) (Note 1) 
MAX739/759 
MAX736. 
MAX737. 


Max Input/Output 
Differential 


MAX7361737 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
22V 


MAX73917S9 
(Non-Bootstrapped) 
22V 


MAX73917S9 
(Bootstrapped) 
17V 


Negative 
Drive Voltage 
(DRV- to V+) 
-17V, +0.3V 
Switch Voltage 
(LX to V+) 
. . . . . . 
-22.5V, 
+0.3V 
Feedback 
Voltage 
(VOUT to GND) 
±50V 
Auxiliary 
Input Voltages 
(SS, CC, SHDN to GND) 
. 
-0.3V to (V+ + 0.3V) 
Peak Switch 
Current 
(ILX) . . 
2.5A 
Reference 
Current 
(IVREF) 
2.5mA 


Note 
1: 
Output 
voltages 
beyond 
-5Vor 
bootstrapped 
operation 
reduce 
the allowable 
supply 
voltage. 


Differential 
specifications. 


15.5V, -0.3V 


9.5V, -0.3V 
6.5V, -0.3V 


Continuous 
Power Dissipation 
(TA = + 70·C) 


14-Pin Plastic DIP (derate 10.00mwrc above +70·C) 
.. 
800mW 


16-Pin Wide SO (derate 9.52mWrC 
above 
+70·C) 
762mW 


14-Pin CERDIP (derate 9.09mWrC 
above 
+70·C) 
727mW 
Operating 
Temperature 
Ranges: 
MAX73_ /759C_ _ 
O·C to +70·C 


MAX73_ /759E __ 
. 
. 
-40·C to +85·C 


MAX73_ /759MJD 
-55·C to + 125·C 


Junction 
Temperatures: 
MAX73_ /759E/C __ 
. 
. 
+ 150·C 


MAX73_ /759MJD 
+ 175·C 
Storage 
Temperature 
Range 
-65·C to + 160·C 


Lead Temperature 
(soldering, 
10 see) 
+300·C 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and 
functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
In the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


Bootstrapped 
Mode (Circuit 
of Figure 
1, V+ = 5V, ILOAD = OmA, DRV- = VOUT (-5V) (MAX739/MAX759), 
TA = TMIN to TMAX, unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DRV- ~ -7V 
MAX736 
4.0 
8.6 


Input Voltage 
Range 
DRV- ~ -10V 
MAX737 
4.0 
5.5 
V 


DRV- ~ -5.25V 
MAX739/759 
40 
11.0 


V+ = 4.5V to 8.6V, 
-11.40 
-12.60 
ILOAD = OmA to 100mA 
MAX736 


V+ = 6V to 8.6V, 
-11.40 
-12.60 
ILOAD = OmA to 125mA 
Output Voltage 
V+ = 4.5V to 5.5V, 
V 


ILOAD = OmA to 100mA 
MAX737 
-14.25 
-15.75 


V+ = 4.5V to llV, 
MAX739 
-4750 
-5.250 


ILOAD = OmA to 250mA 
MAX759 
(Notes 2, 3) 
-4.775 
-5.225 


V+ = 4.5V to 8.6V 
100 


MAX736 


V+ = 6V to 8.6V 
125 


Output Current 
V+ = 4.5V to 5.5V 
MAX737 
100 
mA 


V+=4.5Vtol1V 
250 
350 


V+ = 6Vto 
l1V 


MAX739/759 
(Note 2) 


300 
500 


MAX736 
4.2 
6.0 


MAX737 
6.1 
9.5 
Supply 
Current 
mA 


MAX739 
1.7 
3.5 


MAX759 
2.2 
4.0 


Standby 
Current 
VSHDN = OV (Note 4) 
1.0 
1000 
~A 


SHDN Logic 
High Voltage 
V+ -0.5 
V 


SHDN Logic 
Low Voltage 
0.25 
V 


SHDN Input Current 
0.1 
1.0 
~A 


-5V, -12V, -15V, and Adjustable 


Inverting Current-Mode PWM Regulators 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


Bootstrapped 
Mode (Circuit 
of Figure 
1, V+ = 5V, ILOAD = OmA, DRV- = VOUT (-5V) (MAX739/MAX759), 
TA = TMIN to TMAX, unless 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LX Leakage 
Current 
10 
IlA 


Undervoltage 
Lockout 
Measured 
at V+ 
3.7 
4.0 
V 


Reference 
Voltage 
(Note 3) 
1.16 
123 
1.30 
V 


Reference 
Drift 
50 
ppmrC 


Compensation-Pin 
Impedance 
6 
kQ 


I MAX736/739 
145 
165 
185 
Oscillator 
Frequency 
I 
MAX737/759 
kHz 


145 
185 
220 


ELECTRICAL 
CHARACTERISTICS 


Non-Bootstrapped 
Mode (Circuit 
of Figure 
1, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX736 
4.0 
8.6 


Input Voltage 
Range 
MAX737 
4.0 
5.5 
V 


MAX739/759 
4.0 
150 


V+ = 4V to 8.6V 
MAX736 
-11.40 
-12.60 


Output 
Voltage, 
No Load 
V+ = 4V to 5.5V 
MAX737 
-14.25 
-1575 
V 
(Note 2) 
MAX739 
-4.750 
-5.250 


V+ = 4Vto 
15V 
MAX759 
(Note 2) 
-4.775 
-5.225 


V+ = 8.6V 
MAX736 
200 


Output Current 
V+ = 5.5V 
MAX737 
165 
mA 


V+ = 12V 
MAX739/759 
550 


MAX736/739 
1.6 
3.0 


Supply 
Current, 
No Load 
V+ = 5V 
MAX737 
2.5 
45 
mA 


MAX759 
2.1 
4.0 


Note 2: 
MAX759 
output 
voltage 
tests are performed 
using an external 
resistor 
divider 
to set the output 
voltage 
to -5V (see 


Figure 5, R1 = 15kQ, R2 = 3.69kQ). 


Note 3: 
Output 
voltage 
tolerance 
is ±4.5% 
plus external 
feedback 
resistor 
tolerances 
for the MAX759. 


Note 4: 
The standby 
supply-current 
specification 
is set at 100llA 
due to test method 
limitations 
rather than actual 
device 
performance. 


The two-sigma 
distribution 
of standby 
supply 
current 
is less than 10llA (over temperature). 
- 
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SWITCHING WAVEFDRMS· 
CONTINUOUS CONDUCTION 


A = Switch Voltage (LX) SV/div (4.8V to -S.3V) 
B = Inductor Current. SOOmNdiv 
C = Output Voltage Ripple. SOmV/div 
TIME=~S/div 
CIRCUIT OF FtG. 1 
VIN= +SV 
TA= +2S'C 


A = Switch Voltage (LX) SV/div (48V to -S3V) 
B = Inductor Current, SOOmNdiv 
C = Output Voltage Ripple. SOmV/div 
TIME=2~div 
CIRCUIT OF FIG. 1 
VIN = +SV 
TA=+2S'C 
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____________ 
Typical Operating Characteristics 
(continued) 


MAX737 
NO-LOAD SUPPLY CURRENT ,s. 


SUPPLY VOLTAGE (NON-BOOTSTRAPPED) 
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REFERENCE VOLTAGE ¥S. 


LOAD CURRENT 
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1.230 
~~ 1.225 
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a 
1.220 
>.... 
::J 
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5a~ 1.210 
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cc 


~ 
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"\ 


\ 
\ 
\ 
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1.200 


1.195 o 
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1000 
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2000 
2500 


REFERENCESOURCECURRENT(~) 


PIN 


NAME 
FUNCTION 


14-PIN 
DIP 
16-PIN SO 


1,13,14 
1,15,16 
V+ 
Positive Supply-Voltage 
Inputs. 
Connect 
all V+ pins together. 
Bypass 
with at least 
a 0.1 JlF capacitor 
close to V+ and GND pins. 


2 
2 
SHDN 
Shutdown 
Control. 
V+ = normal operation, 
GND = shutdown. 


3 
3 
VREF 
Reference 
Voltage 
Output 
= + 1.23V. 
Supplies 
up to 125JlA for external 
loads. 


4,6 
4,5,6 
N.C. 
No Connect. 
Not internally 
connected. 


5 
7 
SS 
Soft-Start 


7 
8 
CC 
Compensation 
Input. 
CC is the input of the error amplifier, 
and is held at virtual 
ground. 
For the MAX759, 
CC is connected 
to an external 
resistor 
divider. 


8 
9 
VOUT 
Output 
Voltage 
feedback 
terminal 
(actually 
an input). 
Connected 
to internal 
resistors 
(MAX736/737/739 
only). 
Do not connect 
on MAX759. 


9 
10 
DRV- 
Negative 
Drive Voltage 
Input is the negative 
supply 
rail for the push-pull 
stage that 
drives the internal 
power FET. 


10 
11 
GND 
Ground 


11,12 
12,13,14 
LX 
Switch Output 
- internal 
P-channel 
MOSFET drain. 
Connect 
all LX pins together. 


·5V1 .12V1 .15V1 and Adjustable 
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C5 
01~F~ 
V+ 
14 


2 
SHDN 


.MAXI.M 


b 


3 
VREF 
MAX136 


C4 
MAX131 


o 047~F 
4 
MAX139 
NC 


5 SS 


C3 


NON-BOOTSTRAPPED: 
INSTALLJ1; 
= 22nF 
N.C. 


BOOTSTRAPPED 
INSTALL J2 (MAX739/MAX759) 
INSTALL J3 (MAX736/MAX737) 


PIN NUMBERS ARE FOR DIP. 


"REQUIRED FOR BOOTSTRAPPED OPERATION OF 
MAX736/MAX737 


11 
LX 


10 
1N5231 


GND 


02" 
01 


9 
J1 
DRV- 
'j3" 


Rl" 


8 


: J2 
10k 


VOUT 
OUTPUT 
C2 
(SEE TABLE 1) 
::¥ ~bW~sp 


Device 


V+ Range 
(V) 
Output 
Voltage 
(V) 
Diode 01 


Bootstrapped 
Non-Bootstrapped 


MAX736 
41086 
4108.6 
-12 
1N5818 


MAX737 
4 to 5.5 
4105.5 
-15 
1N5818 


MAX739/759 
4 to 11 
41015 
-5 
1N5817/1N5818 


INPUT 


(SEE TABLE 1) 


C5 
01~F~ 


V+ 14 


+ C1 
X 33~F 
- 
20V 


______ 
Detailed Description 


Operating Principle 


The MAX736/737/739/759 
are monolithic 
CMOS ICs con- 


taining 
a current-mode 
PWM 
controller 
and 
a 1.5A 


P-channel 
power 
MOSFET. 
Current-mode 
control 
provides 
excellent 
line-transient 
response 
and 
AC 


stability. 
The switch transistor 
is a current-sensing 
MOS- 


FET that splits off a fraction 
of the total source 
current for 


current-limit 
detection. 


SHDN 


.MAXI.M 


VREF 
MAX136 
MAX131 
MAX139 


Basic Application 
Circuits 


The two 
basic 
application 
circuits 
are simple 
designs 


using off-the-shelf 
components. 
The Standard 
Applica- 


tion Circuit 
(Figure 
1) obtains 
more 
output 
power 
and 
somewhat 
lower noise than the Discontinuous-Mode 
Ap- 


plication 
(Figure 
2), but requires 
physically 
larger 
com- 
ponents. 
The 
discontinuous-mode 
circuit 
has 
only 


one-third 
less output 
current 
(200mA 
vs. 300mA 
at V+ = 
5V) and requires 
much smaller components. 
Table 2 lists 


external component 
suppliers. 


D 
SS 
GND 
01 
= C3 


22nF 
N.C. 
DRV- 


OUTPUT 


8 
(SEE TABLE 1) 
CC 
VOUT 


C2 


J1. J2. J3 AS IN FIGURE 1 
::¥ 
33~F 


"REQUIRED FOR BOOTSTRAPPED 
PIN NUMBERS ARE FOR DIP. 


OPERATION OF MAX736/MAX737. 
CAPACITORS ARE SURFACE-MOUNT TANTALUM. 


Figure 2. Discontinuous-Conduction 
Mode Application 
Using 


Surface-Mount 
Components 


./Vl./J X I ./Vl 
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C:REF 


O.047~F 


SS 


'C3 
= 
22nF 


Bootstrapped!Non·Bootstrapped 
Modes 


The 
most 
important 
decision 
in 
configuring 
a 
MAX736/737/739/759 
circuit 
is bootstrapping 
- whether 


to connect 
DRV- to GND or to a negative 
voltage. 
This 


connection 
determines 
the input voltage range, available 


output power, and quiescent 
supply current as described 


in the 
Typical 
Operating 
Characteristics 
and 
Electrical 


Characteristics. 
DRV- connects 
to the negative 
supply 
rail of the 
driver 
stage 
that 
drives 
the 
internal 
power 


MOSFET gate. Increasing 
the negative voltage applied 
to 


DRV- reduces 
MOSFET 
on resistance. 
but the supply 
current 
is higher 
due to the higher 
gate-source 
voltage 


swing. 
Do not exceed 
the Absolute 
Maximum 
Ratings 


specification 
for the voltage 
difference 
between 
V+ and 


DRV- (17V). 
Intermediate 
bootstrap 
voltage 
levels 
ap- 


propriate 
for the MAX736/737/759 
are obtained 
by using 


a zener shunt (Figure 4). 


VIN 
(SEE TABLE 1) 


+ C1 
T 1~F 


VOUT 
(SEE 
tABLE 1) 


.MAXUM 


MAX136 
MAX131 
MAX139 


Continuous·!Discontinuous· 


Conduction Modes 


Maximum 
duty 
cycle 
is 90%, 
so the 
circuit 
can 
be 


operated 
in continuous-conduction 
mode (CCM) or dis- 
continuous-conduction 
mode (DCM) by selecting 
higher 


or lower inductor 
values. 
In CCM, 
the inductor 
current 


never decays 
to zero. In DCM, the inductor 
current 
slope 


is steep enough so it decays 
to zero before the end of the 


transistor 
off time. CCM allows the MAX736/737/739/759 
to deliver maximum 
load current. 
and is also slightly 
less 


noisy than DCM, 
because 
it doesn't 
exhibit 
the ringing 


that 
occurs 
when 
the 
inductor 
current 
reaches 
zero. 


However, 
DCM 
allows 
for lower 
output 
filter 
capacitor 
values 
because 
there 
is no continuous-feedback 
path 


through 
the inductor. 
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MAX736 
MAX737 
MAX759 


Figure 4. 
MAX736/738/759 
Zener-Bootstrap 
Scheme 
AC Compensation 


Primary 
compensation 
for 
feedback 
stability 
is 


provided 
by 
a dominant 
pole 
created 
by 
the 
filter 


capacitance 
and load resistance. 
The ESR of the output 


filter capacitor 
introduces 
a zero in the loop response, 
which 
tends 
to destabilize 
the 
loop. 
In the 
Standard 


Application 
Circuit, 
the 
150~F 
capacitor 
(C2) 
should 


have a maximum 
ESR over temperature 
of O.5Q in order 


to 
deliver 
full 
load 
at the 
minimum 
supply 
voltage. 
Operation 
at higher 
input voltages 
with lower inductor 


values 
(low 
enough 
to force 
the circuit 
to operate 
in 


discontinuous-conduction 
mode) 
or 
at 
lower 
output 


current 
than the full load capability 
reduces 
the need 


for 
large 
filter 
capacitors. 
Surface-mount 
tantalum 


capacitors 
have very low ESR. 
Consequently, 
smaller 


capacitance 
values 
are adequate 
(see Figure 
2). 


Soft-Start 
Buffer 


The voltage applied to SS determines 
the peak switch-cur- 


rent 
limit 
(see 
Typical 
Operating 
Characteristics). 
A 


capacitor 
attached to SS ensures an orderly power-up. 
SS 


is pulled up to VREF internally through a 1MQ resistor. The 
maximum 
current 
limit can be fixed externally 
at a lower 


than normal value by clamping 
SS to a voltage 
less than 


VREF. An SS cycle is initiated whenever 
either an under- 


voltage 
lockout 
or overcurrent 
fault condition 
triggers 
an 


internal transistor to discharge 
the SS capacitor 
to ground. 
Note that the SS capacitor 
should be at least 10nF. When 


peak inductor currents at start-up are small, this capacitor 
may be omitted. 


Undervoltage 
Lockout 


The undervoltage 
lockout allows operation 
for supply vol- 


tages greater than 3.7V typ (4V guaranteed), 
with O.25V of 


hysteresis. 
Internal control 
logic holds the output 
power 


MOSFET in an off state until the supply 
rises above 
the 


undervo~age 
threshold, 
at which time an SS cycle begins. 
~ 


Inductor Selection 


Practical 
nominal inductor 
values are in the 1O~H to 50~H 


range. Low inductor 
values force discontinuous-conduc- 
tion modes (see the Continuous-/Oiscontinuous-Conduc- 
tion Modes section). 
The inductor 
must have a saturation 


(incremental) 
current rating greater than the peak switch 


current 
obtained 
from the Peak Switch Current 
vs. Load 


Current 
graph 
under 
Typical Operating 
Characteristics. 


The MAX739 
contains 
a slope-compensation 
circuit 
that 


provides AC compensation 
for the current-mode 
PWM. This 


slope-compensation 
circuit 
is internally 
fixed 
to provide 


ideal slope compensation 
for an inductor value of 33~H. 


Adjustable 
Output 


Adjust 
the MAX759's 
output 
voltage 
from OV to -15V by 


selecting 
the appropriate 
external resistor divider (Figure 


5). Output voltages 
beyond 
-15V require a transformer 
to 


protect 
the power 
MOSFET from overvoltage. 
With R2 


feedback 
resistor 
(5kQ 
to 
15kQ), 
a compensation 


capacitor 
(typically 
10nF) from the output 
to CC gives 


best 
transient-response 
characteristics. 
Be careful 
to 


observe the Absolute 
Maximum 
Ratings on the difference 


between 
input voltage 
and output voltage. 


-5V, -12V, -15V, and Adjustable 
Inverting Current-Mode PWM Regulators 


G) 
VIN 
GROUND 
JUMPER 


~G)- 


C1 


~ 


C4 
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01 
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Figure 
6. MAX739 
Low-Noise 
PC Layout 


+ 
150j!F 
:I: MAXCOO1 


16V 


SHDN 
V+ 
~rM)+ 


AltAXUM 


VREF 
MAX739 
LX 


N.C. 
LX 


~ 


SS 
GND 


N.C. 
DRV- 


O.lj!F 
CC 
VOUT 
::r 


Printed Circuit Layout and Grounding 


Good 
layout and grounding 
practices 
will help achieve 
low-noise, 
jitter-free 
operation. 
Minimize wiring lengths in 
the high-current 
paths, especially 
the distance 
between 


the inductor 
and the return leads of the filter and bypass 


capacitors 
(C1 and C2 of Figure 
1). These high-current 
ground 
connections 
should 
be brought 
to a single com- 


.MAXI.M 
LX 


MAX759 


SHDN 
DRV- 


OVTD -24V 
50mA 
47j!F ::r 


LCD 
CONTRAST 
ADJUST 


L1 = CDILTRONICS CTX1OD-l OR MAGNETlCS.INC 
"KOOL-MU" 7703a-A7 
30 TURNS AND 30 TURNS 26 AWG 
PIN NUMBERS ARE FOR DIP 


mon 
point 
(a "star" ground). 
Place 
a low-ESR 
bypass 


capacitor 
directly. at the V+ and GND pins of the IC (CS 
in Figure 
1). 


The suggested 
low-noise 
printed 
circuit 
(PC) layout 
of 


Figure 
6 is configured 
for the low-cost, 
radial 
through- 


hole components 
specified 
in the standard 
application 


circuit. 
The 
layout 
is 
hard-wired 
into 
the 
non- 


bootstrapped 
mode. 


____ 
Applications Information 


+5V Step·Down Application 


The MAX739/MAX7S9 
can operate 
as step-down 
(buck) 


regulators with a positive output (Figure 7). Because their 
supply currents flow into the load, this +SV step-down circuit 
offers good efficiency even at low load currents: 60% to 85% 
from 3mA, up to the full-load capability 
of 1A. It requires a 


minimum load of 3mA, however. The input voltage range is 
9Vto 21V. Ifthe input does not exceed 1SV,ground DRV-for 
higher efficiency and remove the zener. 


·24V LCD Power Supply 


This circuit 
generates 
an adjustable 
negative 
voltage 
for 


powering 
small LCD displays, 
and will deliver 
30mA 
at 


-24V 
with 
80% 
efficiency 
(Figure 
8). 
A 
simple 


autotransformer 
safely 
steps 
up 
the 
output 
voltage 


beyond 
the 
voltage 
breakdown 
rating 
of the 
internal 
power 
MOSFET. The autotransformer 
(tapped 
inductor) 


specified 
on the schematic 
is a miniature 
(0.2S" diameter) 


toroid. 
This autotransformer 
approach 
is slightly 
better 


than 
a flyback 
transformer 
due 
to superior 
magnetic 
coupling 
and a reduction 
of turns. 
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PRODUCTION 
METHOD 
INDUCTORS 
CAPACITORS 


Sumida 
Matsuo 


USA: 
Phone (708) 956-0666 
USA: 
Phone (714) 969-2491 
FAX (714) 960-6492 
Japan: 
Phone (03) 3607-5111 
FAX (03) 3607-5428 
Japan: 
Phone (06) 332-0871 


Surface 
Mount 
CD54-330 
(33~H) 
267 series 
CD54-100(10~H) 


Coiltronics 
Phone (305) 781-8900 
FAX (305) 782-4163 
CTX 100 series 


Sumida 
Sanyo Os-Con 


USA: 
Phone (708) 956-0666 
USA: 
Phone (619) 661-6322 


Miniature 
Japan: 
Phone (03) 3607-5111 
Japan: 
Phone (0720) 70-1005 
Through-Hole 
FAX (03) 3607-5428 
FAX (0720) 70-1174 
RCH654-330 
(33~H) 
OS-CON 
series 
RCH 108-330 (33~H) 
Low ESR Organic 
Semiconductor 


Nichicon 
Phone (708) 843-7500 
FAX (708)843-2798 


Renco 
PL series 
Low-Cost 
Phone (516) 586-5566 
Low ESR Electrolytics 
Through-Hole 
FAX (516) 586-5562 
RL 1284-33 
United Chemi-Con 
Phone (708) 696-2000 
FAX (708) 640-6311 
LXFseries 


For wide temperature 
applications 
using through-hole 
components, 
organic 
semiconductor 
capacitors 
are recommended 
(C1 and C2 
in Figure 
1). These capacitors 
maintain 
low ESR across 
their operating 
temperature 
range. 
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PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX739CPD 
O'C to +70'C 
14 Plastic 
DIP 


MAX739CWE 
O'C to +70'C 
16 Wide SO 


MAX739C/D 
O'C to +70'C 
Dice' 


MAX739EPD 
-40'C 
to +8S'C 
14 Plastic DIP 


MAX739EWE 
-40'C 
to +8S'C 
16WideSO 


MAX739MJD 
-SS'C to + 12S'C 
14 CERDIP" 


MAX7S9CPD 
O'C to +70'C 
14 Plastic DIP 


MAX7S9CWE 
O'C to +70'C 
16WideSO 


MAX7S9C/D 
O'C to +70'C 
Dice' 


MAX7S9EPD 
-40'C 
to +8S'C 
14 Plastic 
DIP 


MAX7S9EWE 
-40'C 
to +8S'C 
16WideSO 


MAX7S9MJD 
-SS'C to + 12S'C 
14 CERDIP" 


'Contact 
factory 
for dice specifications. 


"Contact 
factory 
for availability 
and processing 
to MIL-STO-883. 


VREF 


1 


LX 


LX 
0.131" 


(3.327 
mm) 


5S 
GND I 
DRV- 


ee 
VOUT 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject to change. 
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Pin-Programmed, Low-Voltage, 
Current-Mode SMPS Controller 


_______ 
General Description 


The MAX?41 
is a highly 
versatile 
switch-mode 
power- 


supply 
(SMPS) controller 
IC that operates 
from an input 


supply 
as low as 2.5V. 


The MAX?41 
can be pin-programmed 
into hundreds 
of 
different 
SMPS configurations. 
The internal blocks (refer- 
ence, error amplifier, 
etc.) are interconnected 
via analog 


switches, 
so they 
can 
be 
reconfigured 
into different 


architectures 
by applying 
trilevel data (V+, VREF, GND) 
to certain 
logic input pins. This pin-programming 
feature 
lends tremendous 
application 
flexibility. 
For example, 
the 
output 
stage 
can 
drive 
N-channel 
or 
P-channel 


MOSFETs (or bipolar 
transistors) 
in single-ended, 
com- 
plementary, 
or push-pull 
modes. 
The error amplifier 
can 
accommodate 
positive 
or negative 
feedback 
voltages. 


The output 
voltage 
can be adjusted 
with external 
resis- 
tors, or it can be set at anyone 
of six preset 
values 
by 


switching 
in the 
appropriate 
laser-trimmed 
resistor- 


divider 
network. 


The MAX? 41 is 100% tested as a complete system, includ- 
ing 
external 
components-not 
just 
a collection 
of 
in- 


dividually tested functional blocks. This testing guarantees 
±4 % 
output 
voltage 
tolerance 
over 
temperature. 
For 


mainstream 
applications, 
these circuits can be designed 


directly 
into the system with little effort. At the same time, 
the MAX? 41 provides the power-supply 
designer the right 


inputs and controls to implement nearly any SMPS function. 
__________ 
Applications 


Battery-Operated 
Equipment 


Distributed 
Power Systems 


Isolated 
Off-Line 
Supplies 


On-Card 
DC-DC Converters 


________ 
Pin Configuration 


• 
Pin-Programmable 
Architecture 


• 
Operates 
on Supply Voltages 
from 2.5V 


• 
Low Supply 
Current 
- 
3.5mA 
Max 


• 
Bootstrap 
Input for Low-Voltage 
Applications 


• 
Current-Mode 
PWM Control 


• 
Cycle-by-Cycle 
Current 
Limiting 


• 
Adjustable 
Undervoltage 
Lockout 
and Soft-Start 


• 
Oscillator 
Synchronization 
Input/Output 


• Shutdown-Control 
Input 


• 
Low-Noise, 
Fixed-Frequency 
Operation 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX741UCPP 
O'C to +70'C 
20 Plastic 
DIP 


MAX741UCAP 
O'C to +70'C 
20 SSOP 


MAX741UC/D 
O'C to +70'C 
Dice' 


MAX741UEPP 
-40'C 
to +85'C 
20 Plastic 
DIP 


MAX741UEAP 
-40'C 
to +85'C 
20SS0P 


MAX741UMJP 
-55'C 
to + 125'C 
20CERDIP" 


Ordering Information 
continued on last page. 
• Dice are tested at TA = +2S'C only . 
•• Contact factory for availability and processing 
to MfL -STD-883. 


Pin-Programmed, Low-Voltage, 
Current-Mode SMPS Controller 


Supply 
Voltage 
v+ to GND 
+ 17V, -0.3V 


Oscillator 
Output 
Voltage 
(SYNC) 
-0.3V to (V+ + 0.3V) 


MOSFETDriverSupplyVoltage(DRV-toV+) 
..... 
+0.3V, 
-17V 
Feedback 
Voltage 
(VOUT to GND) 
. 
±SOV 


Auxiliary 
Input Voltages 
(SLOPE, SS, VSEL, P/ZiN, 
EAIN, DUTY, PiN, CSA, CSB, 
FRO to GND) 
. 
. ..... 
-0.3V to (V+ + 0.3V) 


Peak Output 
Current 
(IOUTA or lOUTS) . 
1.0A 


Reference 
Current 
(IVREF) 
2.SmA 


Continuous 
Power Dissipation 
(TA = + 70'C) 
Plastic DIP (derate 
11.11mWrC above 
+70'C) 
889mW 
Wide SO (derate 
10.00mWrC 
above 
+70'C) 
800mW 
SSOP (derate 8.00mWrC above 
+70'C) 
600mW 
Operating 
Temperature 
Ranges: 
MAX741_C_ 
.O'Cto+70'C 
MAX741_E_ 
.... 
-40'C 
to +8S'C 
MAX741_MJP. 
. 
. . -SS'C to + 12S'C 
Storage 
Temperature 
Range 
-6S'C to + 160'C 
Lead Temperature 
(soldering, 
10 sec) 
+300'C 


Stresses 
beyond 
those listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, 
and functionat 


operation 
of the device 
at these or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = SV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply-Voltage 
Range 
2.7 
lS.S 
V 


Start-Up 
Supply 
Voltage 
TA = +2S'C, 
UVLO = V+ 
1.8 
V 


Shutdown-Mode 
Supply 
Current 
FRO = OV, TA = +2S'C 
SO 
lS0 
1IA 


Reference 
Voltage 
1.17 
1.23 
1.29 
V 


Reference-Voltage 
Line 
V+ = 2.7SV to lS.SV 
O.S 
mVN 
Regulation 


Reference-Voltage 
Load 
ILOAD = O!1A to 3001lA, TA = +2S'C, 
MAX741 N only 
1.4 
10 
mV 
Regulation 


FRO = V+, TA = +2S'C 
110 
14S 
170 


Oscillator 
Frequency 
kHz 
FRO = VREF, TA = +2S'C 
140 


SYNC Output 
Low Voltage 
IOL = 2SlIA, used as clock 
output 
0.2 
V 


SYNC Output 
High Voltage 
IOH = 2S!1A, used as clock 
output 
4.8 
V 


VIH = V+ 
1.0 


SYNC Input Current 
mA 
VIL = OV 
-1.0 


Error-Amplifier 
Input Bias Current 
VCM = OV to VREF, P/ZiN = VREF 
O.OOS 
10 
1IA 


Error-Amplifier 
Open-Loop 
Gain 
EAO = 2V to 3V 
2000 
VN 


OUTAor 
OUTB, TA = +2S'C, 
IOL = SOmA 
0.6S 
0.95 


Output 
Voltage 
Low 
V 
IOL = SOmA, DRV- = -10V 
-9.85 
-9.S0 


OUTA or OUTB, TA = +2S'C, 
IOH = -SOmA 
4.10 
4.3S 


Output 
Voltage 
High 
V 
IOH = -SOmA, DRV- = -10V 
4.50 
4.70 


Output 
Rise or Fall Time 
OUTA or OUTB, TA = +25'C, 
CLOAD = lnF 
(Note 2) 
SO 
100 
ns 


UVLO Threshold 
Adjustable 
mode, 
measured 
at UVLO (Note 2) 
0.435 x 
O.4S x 
0.46S x 
V 
VREF 
VREF 
VREF 


Pin-Programmed, 
Low-Voltage, 


Current-Mode 
SMPS Controller 


ELECTRICAL 
CHARACTERISTICS 
- MAX741 U 


(Step-up 
Circuit 
of Figure 
1 (TBD), V+ = SV, TA = TMIN to TMAX, ILOAD = OmA, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Fixed modes, 
referred 
to VOUT, V+ = 3.3V, VSEL = V+ 
4.80 
S.OO 
S.20 
(Note 3) 


Output Voltage 
Initial Accuracy 
VSEL = VREF, TA = +2S"C 
11.S2 
12.00 
12.48 
V 


VSEL = OV, TA = +2S"C 
14.40 
1S.00 
1S.60 


Adjustable 
mode, 
referred 
to error-amplifier 
input 
1.18 
1.23 
128 


Supply 
Current 
VSEL = V+ = 3.3V (Note 1) 
1.6 
3.S 
mA 


ELECTRICAL 
CHARACTERISTICS 
- MAX741 N 


(Inverting 
Circuit 
of Figure 2 (TBD), V+ = SV, TA = TMIN to TMAX, ILOAD = OmA, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Fixed modes, 
referred 
to VOUT, VSEL = V+ (Note 3) 
-S.20 
-S.OO 
-480 


Output Voltage 
Initial Accuracy 
VSEL = VREF, TA = +2S"C 
-12.48 
-12.00 
-11.S2 


V 


VSEL = OV, TA = +2S"C 
-1S.60 
-1S00 
-1440 


Adjustable 
mode, 
R1 = SOkQ, R2 = SOkQ 
-S.4 
-S.2 
-S.O 


Supply 
Current 
VSEL = V+ = 12V (Note 1) 
2.2 
40 
mA 


ELECTRICAL 
CHARACTERISTICS 
- MAX741 0 


(Step-Down 
Circuit 
of Figure 3 (TBD), V+ = SV, TA = TMIN to TMAX, ILOAD = OmA, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Fixed modes, 
referred 
to VOUT, VSEL = V+ (Note 3) 
4.80 
S.OO 
S.20 


Output 
Voltage 
Initial Accuracy 
V 


Adjustable 
mode, 
referred 
to error-amplifier 
input 
1.18 
1.23 
128 


Supply 
Current 
VSEL = V+ (Note 
1) 
28 
4.0 
mA 


Note 
1: 
Total supply 
current 
under 
actual operating 
conditions, 
including 
currents 
drawn 
by components. 


Note 2: 
Guaranteed, 
but not 100% tested. 


Note 3: 
Output 
Voltage 
Initial Accuracy 
tests include 
the effects 
of the error-amplifier 
input offset voltage. 


DI 
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PIN 
NAME 
FUNCTION 


1 
SLOPE 
Sets slope compensation 
for AC stability. 
Normally 
a 50kn 
to 1Mn resistor 
connected 
to ground. 
Required 
for con- 


tinuous-conduction 
mode operation. 


SYNC output 
at the oscillator 
frequency. 
Also functions 
as a clock 
input when driven externally. 
Capacitive 
loads 


2 
SYNC 
reduce 
oscillator 
frequency 
up to 25%. 
When using an external 
clock, 
the clock's 
high time corresponds 
to power 
switch-off 
time. 


Voltage 
Select (VSEL) and P/Z/N are decoded 
to determine 
the output 
voltage. 
See Table 2 under 
Output 
Voltage 
Selection. 


3 
VSEL 
Fixed Output 
Adjustable 
Output 


V+ 
= 
5V Output 
V+ 
= Positive Output 
VREF = 12V Output 
VREF = Not Allowed 


GND 
= 15V Output 
GND = Negative Output 


See VSEL (pin 3). 
- 
V+ 
= Positive Output 
(P) 
4 
PIZ/N 
VREF = Adjustable 
Mode (Z) 
GND 
= Negative 
Output 
(N) 


5 
VOUT 
Output 
Voltage 
connection 
to internal 
resistor dividers. 
Leave open-circuit 
in adjustable 
mode. 


6 
VREF 
Voltage-Reference 
Output that can source 
300~A 
for external 
loads. 
Bypass 
with 1~F minimum. 


Undervoltage 
Lock-Out 
disables 
IC when V+ is less than the UVLO threshold. 


7 
UVLO 
V+ = No Lockout 
0.47V+ 
to 0.07V+ = adjustable 
threshold 


GND = 4V threshold 


Soft-Start 
and current-limit 
adjust. 
A DC volta8e 
applied 
here sets the maximum 
peak switch-current 
limit. 
An RC 
8 
SS 
network 
reduces 
surge currents 
on start-up. 
onnect 
a 150kn 
resistor 
from VREF to SS and 0.1~F from SS to GND 
for a 15ms soft-start 
time. 
Always 
connect 
from 50kn 
to 1Mn 
between 
VREF and SS. 


9 
GND 
Ground 


10 
EAO 
Error -Amplifier 
Output 


11 
EAIN 
Error-Amplifier 
Input 


Duty-Cycle 
Adjust 
when 


DUTY = V+: 
push-pull 
mode, 
50% max duty cycle 


12 
DUTY 
DUTY = V+ and FREQ = REF: 
push-pull 
mode, 
85% max duty cycle 


DUTY = VREF: 
complementary, 
50% max duty cycle 


DUTY = 
GND and FREQ = V+: 
complementary, 
85% max duty cycle 


DUTY = 
GND and FREQ = REF: 
complementary 
mode, 
95% max duty cycle 


N-Channel/P-Channel 
- selects 
current-sense 
amplifier 
output 
polarity 
and controls 
OUTA and OUTB polarity 
when 


13 
PIN 
in push-pull 
mode. 
V+ 
= N-Channel 
(CS inputs sense around 
GND) 


GND 
= P-Channel 
(CS inputs sense around 
V+) 


14 
CSA 
Current-sense 
amp 'A' input. 
Connects 
to signal side of current-sense 
resistor. 
Signal passes 
through 
a 1st-order 


LPfilter. 


15 
CSB 
Current-sense 
amp "B" input. 
Connect to VIN in buck and inverting circuits. 
Connect to GND in step-up circuits. 
CSB 
should be bypassed 
with 0.1~F located close to CSB and GND when in the buck or inverting power-supply 
modes. 


Pin-Programmed,l.ow-Voltage, 
Current-Mode SMPS Controller 


PIN 
NAME 
FUNCTION 


Negative 
Drive Bootstrap 
Supply 
Voltage 
Input accepts 
a DC bias voltage 
as the negative 
supply 
rail for the drivers 


16 
DRV- 
at EXTA and EXTB. 
Used for driving 
P-channel 
MOSFETs. 
Observe 
Absolute 
Maximum 
Ratings 
carefully. 
When 


V+ > 14V, use 100 in series between 
OUTA and gate of power FET. 


17 
OUTB 
Output 
B MOSFET Driver drives 
P-Channel 
or PNP transistors 
in complementary 
modes. 
See Table 3. 


WhenV+ 
> 14V, use 100 in series between 
OUTB and gate of power 
FET. 


18 
OUTA 
Output 
A MOSFET Driver drives 
N-channel 
or NPN transistors 
in complementary 
modes. 


19 
V+ 
Positive Supply 
Voltage 
+2.5V to + 16V. 
Bypass 
with at least O.l~F close to V+ and GND pins of IC. 


Frequency/Shutdown 
Control 
sets oscillator 
frequency 
or forces 
a non-operating 
shutdown 
mode. 
When tied to 


VREF, a 22kO pull-up 
resistor 
from FREQ to V+ is required 
to ensure 
start-up. 


20 
FREQ 
V+ 
= 145kHz with 85% duty cycle 


VREF 
= 140kHz with 95% duty cycle 
GND 
= Shutdown 
Mode 


_______ 
App'ication 
Circuits 


Inverting Converter 
12V to -S.2Vat 
1.SA 


Figure 4's circuit 
is designed 
to supply 
a fixed -5.2V at 
1.5A for ECl applications. 
The input supply range is from 


7.6V to 15V and 
should 
be bypassed 
with a low-ESR 


aluminum 
electrolytic, 
such 
as Nichicon 
PL series 
or 


Sanyo 
Os-Con 
series. 
Bypass 
capacitors 
must 
be 


placed 
directly 
at the V+ and GND pins. 


The undervo~age 
lockout is set to 7.57V with an extemal 


voltage divider. This function protects the switching 
device 


from damage when the supply voltage is too low for opera- 
tion. 
With the pin programming 
chosen, 
the regulator 


operates at a 145kHz switching frequency with an 85% duty 
cycle. 
The SYNC pin can be driven for other switching 


frequencies 
when desired. 
Table 
1 shows 
this circuit's 


efficiency 
for different input voltages 
and load currents. 


To 
minimize 
output 
ripple, 
use 
low-ESR 
aluminum 
..- 
electrolytic 
capacitors, 
since 
ripple 
is predominantly 
a 
~ 


19 


V+ 
FRED 
N.C. 
SLOPE 
'------y---' 


VREF 
CSB 
15 
PLACED DIRECTLY 
FROM V+ TO GND 


lOOk 
PnM 
R6 
O.ln 


SS 
CSA 
14 
150k 
R2 


111FIC4 
..".•.• ..".JXI..NI 


MAX?41N 
OUTB 


UVLO 
Your 


N.C. 
10 


lOOk 
EAO 
OUTA 


VSEL 
R8 
243k 
12 
11 
1% 


DUTY 
EAIN 


13 
R7 
57.6k 
1% 


VREF 


Pin-Programmed, 
Low-Voltage, 
Current-Mode 
SMPS Controller 


function 
of inductor 
current 
causing 
an IR-drop 
across 
the ESR of the capacitor. 
An additional 
L-C filter can add 


another 
20dB ripple rejection. 


VIN(V) 
lOUT (A) 
EFFICIENCY 
(%) 


12 
0.1 
73 


8.5 
05 
81.5 


10 
0.5 
83 


12 
0.5 
85 


8.5 
1 
78 


10 
1 
81 


12 
1 
82 


- 
EAIN 


VSEL 
P/z/N 
OUTPUT 
IMPEDANCE 
(0) 


V+ 
V+ 
5V 
>lk 


V+ 
VREF 
Adi. Positive 
>50M 
HiZ 


V+ 
GND 
-5V 
>13k 


VREF 
V+ 
12V 
>6.5k 


VREF 
VREF 
Prohibited 
NA 


VREF 
GND 
-12V 
>13k 


GND 
V+ 
15V 
>6.5k 


GND 
VREF 
Adi. Neqative 
>50M 
HiZ 


GND 
G;~D 
-15V 
>llk 


DUTY 
PIN 
FREQ 
OUTA 
OUTS 
MODE 


V+ 
V+ 
V+, VREF 
N 
P 
PUSh-DUll 


V+ 
GND 
V+, VREF 
N 
P 
PUSh-DUll 


V+ 
V+ 
GND 
GND 
GND 
Shutdown 


V+ 
GND 
GND 
V+ 
V+ 
Shutdown 


VREF 
V+ 
V+, VREF 
N 
P 
Complementary 
outout50% 


VREF 
GND 
V+, VREF 
N 
P 
Complementary 
outDut50% 


VREF 
X 
GND 
GND 
V+ 
Shutdown 


GND 


Complementary 
V+ 
V+, VREF 
N 
P 
output 
85% or 
95% 


GND 
GND 
Complementary 
V+, VREF 
N 
P 
output 
85% or 
95% 


GND 
X 
GND 
GND 
V+ 
Shutdown 


N = Drives 
N-Channels 
(On = V+) 
P = Drives 
P-Channels 
(On = GND) 
X = Don't Care 


~ :J'1?C?L 


+VREF 


R2 


Pin-Programmed, Low- Voltage, 
Current-Mode SMPS Controller 


+5V Stepdown 
Converter 


Figure 7 shows a 10W to 1SWstepdown 
converter. 
C1A, 


B, and C should be placed 
close to the IC's V+ and GND 
pins. 
Nichicon 
PL series capacitors 
are recommended 
for commercial 
temperature 
range 
use. 
Sanyo Os-Con 
series capacitors 
are recommended 
for use at tempera- 


19 
3 
20 


V+ przffi 
VSEL 
FREO 


220k 


6 
AII..IJXIJ'M 
14 
VREF 
MAX1410 
CSA 
+ 
17 
]:llJ!f 
OUTS 


8 
SS 
EAIN 


tures 
less 
than 
O'C. 
Surface-mount 
solid 
tantalum 
capacitors 
are also suitable 
for use over the extended 
temperature 
range. 
GND and V+ connections 
should be 
nodal (star connection). 


Step-Up Converter 
(+5V to +12V/+15VJ 


This simple 
boost 
converter 
(Figure 
8) uses logic-level 


FETs and 
has 
its 
power-stage 
transfer 
function 
pro- 
grammed 
for operation 
down 
to +4.SV, optimizing 
the 
circuit for +SV supply operation. 
This circuit also accepts 
input voltages 
up to 10V and is easily modified 
for other 
output 
voltages. 
Nominal 
output 
current 
is OmA to 
400mA, which can be extended 
by increasing 
the output 


filter capacitance, 
reducing 
the sense resistor and induc- 
tor value (and scaling the slope compensation 
resistor to 
match), 
and 
heatsinking 
the power 
MOSFET. 
The op- 
erating 
temperature 
range 
is O'C to + 1OS'C, limited 
by 
the output 
filter capacitors. 
For extended 
low tempera- 
ture operation, 
increase 
the output 
filter capacitance 
or 


use wide temerature 
range types such as organic 
semi- 
conductor 
capacitors. 
C2 is placed 
close 
to V+ and 
GND; C1, C3, and C4 are low-ESR capacitors. 


5V@3A:20FCTX20-4IN 
PARALLEL(l~H) 


/ 


5V@ 1.5A: CTX2D-4COILTRONICS(2~) 


S19405 
+5V@1.5AT03A 


10~H + 
+ 
+ 


•••• 
v. 


~ 


.5V 


NOMINAL 
)< 
I I 
; 


FRED 
Cl 


v. 


VSEL 
DUlA 


PIZM 
DUlB 
.VOUT 


AIlAXIAIl 


VOUT MAX741U 
DRV- 


VREF 
CSB 


4.7IlF i 
300k 
v. 
UVLD 
CSA 


55 
PIN 


1M 
GND 
DUTY 


Cl = 6BDIlF, 6.3V 
EAD 
EAIN 


C2= lOIlF 
C3 = C4 = 1501lF, 35V 


1000pF 
0011lf 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX741DCPP 
O'C to +70'C 
20 Plastic DIP 


MAX741DCAP 
O'C to +70'C 
20 SSOP 


MAX741DC/D 
O'C to +70'C 
Dice' 


MAX741DEPP 
-40'C 
to +8S'C 
20 Plastic DIP 


MAX741DEAP 
-40'C 
to +8S'C 
20 SSOP 


MAX741DMJP 
-SS'C to + 12S'C 
20 CERDIP" 


MAX741 NCPP 
O'C to +70'C 
20 Plastic 
DIP 


MAX741 NCAP 
O'C to +70'C 
20SS0P 


MAX741 NC/D 
O'C to+70'C 
Dice' 


MAX741NEPP 
-40'C 
to +8S'C 
20 Plastic 
DIP 


MAX741 NEAP 
-40'C 
to +8S'C 
20SS0P 


MAX741NMJP 
-SS'C to + 12S'C 
20 CERDIP" 


, Dice are tested 
at TA = +2S'C 
only. 
" 
Contact 
factory 
for availability 
and processing 
to MIL -5TD-883. 


ADVANCE INFORMATION 
All information in this data sheet is preliminary 
and subject to change. 


6m 
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+5V-Output, Step-Up, Current-Mode PWM 


DC-DC Converter 


______ 
General Description 


The MAX751 is a +5V-output, 
CMOS, step-up, 
switch- 
mode DC-DC converter. 
Minimum input start-up voltage 
is 1.2V. From a 2.7V supply, the output current is guaran- 
teed to be 150mA. 
Battery-saving 
features include 85% 


typical 
full-load 
efficiency, 
2mA 
operating 
quiescent 
supply current, and 351!A shutdown supply current. 
The 
shutdown 
mode 
can 
be 
directly 
controlled 
by 
a 
microprocessor 
via the logic-compatible 
SHDN pin. 


The 
MAX751 
is tested 
in-circuit, 
so output 
power 
specifications 
are guaranteed 
over all line, load, and 
temperature 
ranges. 
The typical operating 
circuit uses 
tiny surface-mounted 
components, 
including a miniature 
221!H inductor, and fits into less than O.5in2. 


The MAX751 uses current-mode 
pulse-width 
modulation 
(PWM) control to provide 
precise output regulation 
and 
low subharmonic 
noise. 
A fixed 
170kHz oscillator 
fre- 


quency facilitates ripple filtering and allows for the use of 
tiny external capacitors. 


For 
higher-current 
solutions, 
refer 
to 
the 
MAX731/MAX752 
data 
sheet 
and 
evaluation 
kit 
(MAX731EVKIT-DIP). 
The MAX751 
can 
be evaluated 
using the MAX731EVKIT-DIP. 


Local +5V Supply in +3V - Only Systems 


Cellular Phones 


RF Transmitter Supply 


Palmtop and Notebook Computers 


Battery-Powered 
and Hand-Held 
Instruments 


• 
+5V Preset Output 


• 
Guaranteed 
150mA Output Current 


• 
1.2V Minimum Start-Up Supply Voltage 


• 
85% Typical Efficiencies 
at Full Load 


• 
Small 221!H Inductor - No Component 
Design Required 


• 
2mA Quiescent Current 


• 
351!A Logic-Controlled 
Shutdown 
Mode 


• 
Overcurrent 
and Soft-Start Protection 


• 
170kHz High-Frequency 
Current-Mode 
PWM 


• 
8-Pin DIP and SO Packages 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX7S1CPA 
O'C to +70'C 
8 Plastic DIP 


MAX7S1CSA 
O'C to +70'C 
8S0 


MAX7S1C/D 
O'C to +70'C 
Dice' 


MAX7S1EPA 
-40'C 
to +8S'C 
8 Plastic DIP 


MAX7S1ESA 
-40'C 
to +8S'C 
8S0 


MAX7S1MJA 
-SS'C 
to +12S'C 
8CERDIP" 


, Contact 
factory for dice specifications. 
"Contact 
factory for availability and processing 
to MIL-STD-883. 


LX 


AilAXIAII 


MAX151 
v+ 


ADVANCE INFORMATION 
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Adjustable, 
Negative-Output 
Inverting 


Current-Mode PWM Regulator 


All information 
in this data sheet is preliminary 
and subject 
to change. 


6/92 


______ 
General Description 


The MAX755 is a CMOS inverting 
switch-mode 
regulator 
with an internal 
power MOSFET. 
It operates 
from a 2.7V 
to 11V input and generates 
an adjustable 
negative 
out- 
put. 
1Woutput 
power is guaranteed 
when powered 
from 
a +4.5V 
input. 
Quiescent 
supply 
current 
is typically 
1.6mA, 
and 
a shutdown 
mode 
reduces 
this to 101lA. 
These 
power-conserving 
features 
along 
with 
high 
ef- 
ficiency 
and 
an application 
circuit 
that 
lends 
itself 
to 
miniaturization, 
make the MAX755 excel in a broad range 
of on-card 
and portable-equipment 
applications. 


The MAX755 employs 
a high-performance 
current-mode 
pulse-width 
modulation 
(PWM) control scheme to provide 
tight 
output-voltage 
regulation 
and 
low 
subharmonic 
noise. 
The fixed-frequency 
oscillator 
is factory-trimmed 
to 160kHz, allowing for easy noise filtering. 
The regulator 


is production 
tested 
in an actual application 
circuit, 
and 


output 
accuracy 
is guaranteed 
to within 
±5% 
over all 


specified 
conditions 
of line, load, and temperature. 


The input-to-output 
differential 
of the MAX755 
is limited 
to VIN + IVOUTI s 11.5V. 


For a similar device 
with wider input voltage 
range, refer 
to the MAX759 
data sheet. 
For fixed -5V parts, refer to 
the MAX735 
and MAX739 
data sheets. 
For fixed 
-12V 
and -15V versions, 
see the MAX736/MAX737 
data sheet. 


For 
lower-power 
applications, 
refer 
to 
the 
MAX635/MAX636/MAX637 
data sheet. 


__________ 
Applications 


Negative 
LCD Driver 


Board-Level 
DC-DC Conversion 


Battery-Powered 
Equipment 


Computer 
Peripherals 


• 
Converts 
+2.7V to +11 V Input to Adjustable 


Negative 
Output 
(MAX755) 


• 
1W Guaranteed 
Output 
Power (VIN ~ 4.5V) 


• 
78% Typical 
Efficiency 


• 
1.6mA Quiescent 
Current 


• 
1011AShutdown 
Mode 


• 
160kHz 
Fixed-Frequency 
Oscillator 


• 
Current-Mode 
PWM - Low Noise and Jitter 


• 
Soft-Start 


• 
Simple Application 
Circuit 


POSITIVE 
INPUT" 
2.7V 
TO 
11V 


NEGATIVEOUTPUT=-VREF(~ 
)=-123V(~) 


"MAXIMUM INPUT-OUTPUT OIFFERENTIA LIMITED TO: 
(POSITIVE INPUT + INEGATIVEOUTPUT s 11.5V) 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 
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Switched-Capacitor 
Voltage Converters 


_______ 
General Description 


The 
MAX1044 
and 
ICL7660 
are 
monolithic, 
CMOS 
switched-capacitor 
voltage 
converters 
that 
invert, 
double, 
divide, 
or multiply 
input voltage. 
They are pin 
compatible 
with the industry-standard 
ICL7660. 
Opera- 
tion is guaranteed 
to 10V with no external 
diode over the 
full temperature 
range. 
The MAX1044 
has a BOOST pin 


that raises the oscillator 
frequency 
above the audio band 
and also reduces 
external 
capacitor 
size. 


The MAX1044/ICL7660 
combine 
low quiescent 
current 


with high efficiency. 
Oscillator 
control 
circuitry 
and four 
power MOS switches 
are included 
on-chip. 
Applications 


include 
generating 
a -5V supply 
from a +5V logic supply 
to power analog circuitry. 
When used as doublers, 
these 
devices 
generate 
6V from a single 3V lithium cell, or 3V 


from a single 1.5V alkaline cell. For applications 
requiring 
more power, 
the MAX660 
can deliver 
up to 100mA with 
a voltage 
drop of less than O.65V. 


__________ 
AppHcations 


-5V Supply from +5V Logic Supply 


Personal 
Communication 
Equipment 


Op-Amp 
Power Supplies 


EIA/TIA-232E 
and EIA/TIA-562 
Power Supplies 


Data-Acquisition 
Systems 


Hand-Held 
Instruments 


Panel Meters 


INPUT 
SUPPLY 
VOLTAGE 


MAXIM 


MAX1044 
ICL7660 


NEGATIVE 
OUTPUT 
VOLTAGE 


___________ 
Features 


• 
1.5V to 10.0V Operating 
Supply Voltage 
Range 


• 
95% Min Power-Conversion 
Efficiency 


• 
Invert, Double, 
Divide, or Multiply 
Input Voltage 


• 
BOOST Pin Increases 
Switching 
Frequencies 


(MAX1044) 


• 
No-Load 
Supply 
Current 
. 200~ 
Max at 5V 


• 
No External 
Diode Required 
for Higher Voltage 


Operation 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX1044CPA 
O'C to +70'C 
S Plastic 
DIP 


MAX1044CSA 
O'C to +70'C 
SSO 


MAX1044CTV 
O'C to +70'C 
STO-99 


MAX1044C/D 
O'C to +70'C 
Dice' 


MAX1044EPA 
-40'C 
to +SS'C 
S Plastic 
DIP 


MAX1044ESA 
-40'C 
to +SS'C 
SSO 


MAX1044ETV 
-40'C 
to +SS'C 
STO-99 


Ordering 
Information 
continued 
on last page. 
• Contact factory for dice specifications. 


CAP- 


TO-99 


Switched-Capacitor 
Voltage Converters 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(V+ to GND, or GND to VaUT) 
10.5V 


Input Voltage 
on Pins 1, 6, and 7 


(Note 1) 
LV Input Current 
(Note 1) . 
Output 
Short-Circuit 
Duration 
(V+ S 5.5V) 
Continuous 
Power Dissipation 
(TA = + 70°C) 


Plastic DIP (derate 9.09mWrC 
above 
+70°C) 


SO (derate 5.88mWrC 
above 
+ 70T) 


CERDIP (derate 8.00mWrC 
above 
+70°C) 
.. 640mW 


TO-99 (derate 6.67mWrC 
above 
+70°C) 
.. 
533mW 


Operating 
Temperature 
Ranges: 
MAX1044/ICL7660C__ 
. . . . .... 
. . . 
O°C to +70°C 


MAX1044/ICL7660E__ 
-40°C to +85°C 


MAX1044/ICL7660M 
__ 
. 
. 
-55°C to + 125°C 
Storage 
Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(soldering, 
10 sec) 
. 
. +300°C 


-0.3V S VIN S (V+ + 0.3V) 
20~A 
Continuous 


Note 1: Connecting 
any input terminal 
to voltages 
greater 
than V+ or less than ground 
may cause 
latchup. 
Do not apply 
any inputs 
from sources 
operating 
from external 
supplies 
before device 
power-up. 


Stresses 
beyond 
those listed 
under 
°Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only. and functional 


operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Circuit 
of Figure 
1, V+ = 5.0V, LV pin = OV, ILaAD = OmA, TA = TMIN to TMAX, unless otherwise 
noted.) 


MAX1044 
ICL7660 


PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


TA = +25°C 
30 
200 
110 
175 


RL = 00, 
TA = O°C to +70°C 
200 
225 


Supply 
Current 


pins 1 and 7 no connection, 
TA = -40°C to +85°C 
200 
250 
~A 
LV open 


TA = _55°C to + 125°C 
200 
250 


RL = 00, pins 1 and 7 = V+ = 3V 
10 


Supply 
Voltage 
RL = 10kO, LV open 
3.0 
10.0 
V 
Range (Note 
1) 
RL = 10kO, LV to GND 
1.5 
10 
1.5 
3.5 


TA = +25°C 
65 
100 
55 
100 


O°Cto +70°C 
130 
120 
IL = 20mA, fase = 5kHz, 


_40°C to +85°C 
130 
140 
LV open 


-55°C to + 125°C 
150 
150 


Output 
Resistance 
(Note 2) 
° 
TA = +25°C 
325 
250 


fase = 27kHz 
(ICL7660), 
TA = O°C to +70°C 
325 
300 
fase = 1kHz (MAX1044), 
V+ = 2V, IL = 3mA, 
TA = -40°C to +85°C 
325 
300 
LV to GND 
TA = -55°C to + 125°C 
400 
400 


Case = lpF, 
V+ = 5V 
5 
10 
Oscillator 
Frequency 
kHz 
LV to GND (Note 3) 
V+ = 2V 
1 


Power Efficiency 
RL = 5kO, TA = +25°C, fase = 5kHz, 
LV open 
95 
98 
95 
98 
% 


Vdtage Conversion Efficiency 
RL = 00, TA = +25°C, 
LV open 
97.0 
99.9 
99.0 
99.9 
% 


Oscillator 
Sink or 
Pin 1 = OV 
3 


Source Current 
Vase = OVor V+, LV open 
Pin 1 = V+ 
20 
~A 


V+ = 2V 
1.0 
1.0 
MO 
Oscillator 
Impedance 
TA = +25°C 
V+ = 5V 
100 
100 
kn 


Note 1: The Maxim 
ICL7660 
and MAX1044 
can operate 
without 
an external 
output 
diode 
over the full temperature 
and voltage 
ranges. 


The Maxim 
ICL7660 
can also be used with the external 
output 
diode 
Dx when replacing 
the IntersillCL7660. 
Tests performed 
with DX out of circuit. 


Note 2: Maxim 
ICL7660A 
and MAX1044 
only. 


Note 3: fase 
is tested 
with Case 
= 100pF to minimize 
the effects 
of test fixture capacitance 
loading. 
The lpF 
frequency 
is correlated 
to this 100pF test point, and is intended 
to simulate 
pin 7's capacitance 
when the device 
is plugged 
into a test socket 
with no 
external 
capacitor. 
For this test, the LV pin is connected 
to GND for comparison 
to the original 
manufacturer's 
device, 
which 
automatically 
connects 
this pin to GND for (V+ + 3V). 


Switched-Capacitor 
Voltage Converters 


~- - --- 
---- 
- - -0"u.---------------; 


, 
, 
, 
, 


BOOST 
V+ 


CAP+ 
OSC 


AIIAXUM 


MAXI044 
ICL1660 
GNO 
LV 


o"u-..< 
JlJL 


5kHz 


Rgure 
I. Maxim 
ICL7660 
and MAX1044 
Test Circuit 
rCI and 
C2 should 
be increased 
to IO(),!F if Cosc exceeds 
10pF). 


Note: 
Ox not required 
with Maxim 
ICL7660 
or MAX1044. 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX1044MJA 
-SS·C to + 12S·C 
8 CERDIP" 


MAX1044MTV 
-SS·C to + 12S·C 
8 TO-99" 


ICL7660CPA 
O·C to +70·C 
8 Plastic 
DIP 


ICL7660CSA 
O·C to +70·C 
8S0 


ICL7660CTV 
O·C to +70·C 
8 TO-99 


ICL7660C/D 
O·C to +70·C 
Dice" 


ICL7660lPA 
-20·C to +8S·C 
8 Plastic 
DIP 


ICL7660lSA 
-20·C to +8S·C 
8S0 


ICL7660lJA 
-20·C to +8S·C 
8 CERDIP 


ICL7660lTV 
-20·C to +8S·C 
8TO-99 


ICL7660EPA 
-40·C to +8S·C 
8 Plastic 
DIP 


ICL7660ESA 
-40·C to +8S·C 
8S0 


ICL7660EJA 
-40·C to +8S·C 
8CERDIP 


ICL7660MTV 
Order 
ICL7660AMTV 


ICL7660AMJA 
-SS·C to +12S·C 
8 CERDIP" 


ICL7660AMTV 
-SS·C to + 12S·C 
8 TO-99" 


" Contact 
factory 
for dice specifications. 
"Contact 
factory 
for availability 
and processing 
to MIL-STO-883. 


JlP Supervisory Circuits 


llP Supervisory Circuits, Tables and Product Trees 
5-1 


MAX690A 
Microprocessor Supervisory Circuit 
5-3 
MAX691A 
Microprocessor Supervisory Circuit 
5-11* 


MAX692A 
Microprocessor Supervisory Circuit 
5-3 
MAX693A 
Microprocessor Supervisory Circuit 
5-11* 


MAX703 
Low-Cost,llP Supervisory Circuit 
5-13* 


MAX704 
Low-Cost,llP Supervisory Circuit 
5-13* 


MAX705 
Low-Cost. llP Supervisory Circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-15 


MAX706 
Low-Cost, llP Supervisory Circuit 
5-15 


MAX707 
Low-Cost, llP Supervisory Circuit 
5-15 
MAX708 
Low-Cost, llP Supervisory Circuit 
5-15 
MAX791 
High-Performance Supervisory Circuit 
5-23* 


JlP Supervisory Circuits 


Backup- 
Manual 
Active- 
Battery- 
Prlcet 
Part 
Nominal 
Minimum 
Reset 
Nominal Watchdog 
Battery 
CE Write 
Power-Fall 
Reset 
Watchdog 
Low-Line 
High 
On 
100Cklp 
Number 
Reset Threshold 
(V) 
Pulse Width (ms) 
Timeout 
Period (see) 
Switch 
Protect 
Comparator 
Input 
Output 
Output 
Reset 
Output 
($) 


MAX690 
4.65 
35 
1.6 
tI' 
tI' 
3.27 


MAX690A 
4.65 
140 
1.6 
tI' 
tI' 
3.33 


MAX691 
4.65 
35/adj. 
1.6/adj. 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
3.55 


MAX691A 
4.65 
14O/adj. 
1.6/adj. 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
3.55 


MAX692 
4.40 
35 
1.6 
tI' 
tI' 
3.27 


MAX692A 
4.40 
140 
1.6 
tI' 
tI' 
3.33 


MAX693 
4.40 
35/adj. 
1.6/adj. 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
3.55 


MAX693A 
4.40 
140/adj. 
1.6/adj. 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
3.61 


MAX694 
4.65 
140 
1.6 
tI' 
tI' 
3.27 


MAX695 
4.65 
14O/adj. 
1.6/adj. 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
3.55 
! 
MAX696 
Adj. 
35/adj 
1.6/adj. 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
3.55 


MAX697 
Adj. 
35/adj. 
1.6/adj. 
tI' 
tI' 
tI' 
tI' 
tI' 
3.58 


MAX700 
4.65/adj. 
200 
tI' 
tI' 
2.17 


MAX703 
4.65 
140 
- 
tI' 
tI' 
tI' 
1.38 


MAX704 
4.40 
140 
- 
tI' 
tI' 
tI' 
1.38 


MAX705 
4.65 
140 
1.6 
tI' 
tI' 
tI' 
1.02" 


MAX706 
4.40 
140 
1.6 
tI' 
tI' 
tI' 
1.02" 


MAX707 
4.65 
140 
- 
tI' 
tI' 
tI' 
0.88" 


MAX708 
4.40 
140 
- 
tI' 
tI' 
tI' 
0.88" 


MAX791 
4.65 
140 
1 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
tI' 
tt 


MAX1232 
4.50/4.75 
250 
0.15/0.60/1.2 
tI' 
tI' 
1.71 


MAXl259 
tI' 
tI' 
3.74 


• 25,000 pc. price, factory direct 
t 
Prices provided 
are for design guidanoe 
and are FOB USA (unless otherwise 
noted). 
International 
prices will diff.,. due to local duties, taxes, and exchange 
rates. 


tt Future product 
- contact factory for pricing and availability. 
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J.lP 
SUPERVISORY 
CIRCUITS 


FIVE FUNCTION 16-PIN 


MAX691· (4.65V reset) 
* MAX691A 


MAX693· (4.4V reset) 


* 
MAX693A 


MAX69S- (200ms reset pulse width) 


FOUR FUNCTION 16-PIN 


MAX696 (adj. reset threshold) 


MAX697 (adj. reset threshold) 


FOUR FUNCTION 8-PIN 


MAX69O'"(4.65 reset) 


* 
MAX690A 


MAX692· (4.4V reset) 


* 
MAX692A 


MAX694· (200ms reset pulse 
Wl 
* MAX703 


*MAX704 


RESET AND WATCHDOG 
* MAX705 
* MAX706 


MAXl232 (improved 
051232) 


RESET ONLY 


MAX700 


RESET AND POWER FAIL 


* 
MAX707 


* 
MAX708 


UNDER/OVERVOLT) 
DETECTORS 


SINGLE VOLTAGE 
- 
DETECTORS 


MAX8211 (noninverting) 


MAX8212 (inverting) 


DUAL VOLTAGE 
"- 
DETECTORS 
'dth) 


~III~JXI~III 


Microprocessor 
Supervisory Circuits 


_______ 
General Description 


The 
MAX690NMAX692A 
reduce 
the 
complexity 
and 


number 
of components 
required 
for power-supply 
mon- 
itoring 
and 
battery-control 
functions 
in microprocessor 


(liP) systems. 
They significantly 
improve system reliabil- 


ity and accuracy 
compared 
to separate 
ICs or discrete 


components. 


The MAX690NMAX692A 
provide 
four functions: 


1. 
A reset output 
during 
power-up, 
power-down, 
and 


brownout 
condtions. 


2. 
Battery-backup 
switching 
for CMOS RAM, CMOS liP, 
or other low-power 
logic. 


3. 
A reset pulse if the optional 
watchdog 
timer has not 


been toggled 
within 
1.6sec. 


4. 
A 1.25V threshold 
detector 
for power-fail 
warning 
or 


low-battery 
detection, 
or to monitor 
a power 
supply 
other than +5V. 


The 
MAX690A 
and 
MAX692A 
differ 
only 
in their 
reset 


voltage threshold 
levels. 
The MAX690A generates 
a reset 


pulse when the supply voltage drops below 4.65V, and the 
MAX692A generates 
a reset below 4.40V. 


Both parts are available 
in 8-pin DIP and SO packages. 


The MAX690A 
is pin compatible 
with the MAX690 
and 


MAX694. 
The 
MAX692A 
is pin 
compatible 
with 
the 


MAX692. 
__________ 
Applications 


Battery-Powered 
Computers 
and Controllers 


Intelligent 
Instruments 


Automotive 
Systems 


Critical 
liP Power Monitoring 


MICROPROCESSOR 


RI 
Vcc 


01~~ 
Vcc 
RESET 


PFI 
PFO 


3.6V 
.NlAXIA>I 


LITHIUM 
MAX690A WOI 
GNO 
SAmRY 
A2 
VSATT 


GNO 
VOUT 
-l- 


• 
Precision 
Supply-Voltage 
Monitor: 
4.65V for MAX690A 
4.40V for MAX692A 


• 
Reset Time Delay - 200ms 


• 
Watchdog 
Timer - 1.6sec Timeout 


• 
Battery-Backup 
Power Switching 


• 
200liA Quiescent 
Supply Current 


• 
50nA Quiescent 
Supply 
Current 
in Battery 


Backup 
Mode 


• 
Voltape 
Monitor for Power-Fail 
or Low-Battery 


Warnmg 


• 
8-Pin SO and DIP Packages 


• 
Guaranteed 
RESET Assertion 
to VCC = 1V 


______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX690ACPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX690ACSA 
O'C to +70'C 
8S0 


MAX690AC/D 
O'C to +70'C 
Dice' 


MAX690AEPA 
-40'C 
to +8S'C 
8 Plastic 
DIP 


MAX690AESA 
-40'C 
to +8S'C 
8S0 


MAX690AMJA 
-SS'C to + 12S'C 
8 CERDIP" 


MAX692ACPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX692ACSA 
O'C to +70'C 
8S0 


MAX692AC/D 
O'C to +70'C 
Dice' 


MAX692AEPA 
-40'C 
to +8S'C 
8 Plastic 
DIP 


MAX692AESA 
-40'C 
to +8S'C 
8S0 


MAX692AMJA 
-SS'C to + 12S'C 
8CERDIP" 


, 
Dice are tested at TA= +2S'C 
only. 


"Contact 
factory for availability 
and processing 
to MIL -STD-883. 


________ 
Pin Configuration 


.-AX'.- 


MAX690A 
MAX692A 


Microprocessor 
Supervisory Circuits 


.. 
-0.3V to 6.0V 
.. 
-0.3V to 6.0V 
-0.3V to (VCC + 0.3V) 


Continuous 
Power Dissipation 


Plastic 
DIP (derate 9.09mWrC 
above 
+70'C) 
727mW 
SO (derate 5.88mWrC above 
+70'C) 
471mW 
CERDIP (derate 8.00mWrC above 
+70'C) 
640mW 
Operating 
Temperature 
Ranges: 
MAX69_AC_ 
O'C to +70'C 
MAX69_AE_ 
-40'C 
to +85'C 
MAX69_AMJA 
-55'C 
to +125'C 
Storage Temperature 
Range 
-65'C 
to + 160'C 
Lead Temperature 
(soldering, 
10 sec) 
.. 
+300'C 


Terminal 
Voltage 
(with respect 
to GND) 
VCC 
VSATT 
All Other Inputs (Note 1) ....•..... 
Input Current 
VCC 
VSATT. 
GND 
Output Current 
VOUT 
Short-Circuit 
Protected 
for up to 10sec 
All Other Outputs 
20m A 
Rate of Rise, Vcc. 
VSATT. 
. 
100V/!1s 


Note 
1: 
The input voltage 
limits on PFI and WDI may be exceeded 
provided 
the current 
into these pins is limited to less than 10mA. 


200mA 
50mA 
20mA 


Stresses 
beyond 
those listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specificafjons 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Vcc 
= +4.75V 
to +5.5V, VSATT = 2.8V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Voltage 
Range, 
MAX69 
AC 
1.0 
5.5 
V 
Vcc, 
VSATT (Note 2) 
MAX69 
AE/AM 
1.2 
5.5 


Supply 
Current 
ISUPPLY 


MAX69 
AC 
200 
350 
!1A 
(Excluding 
lOUT) 
MAX69 
AE/AM 
200 
500 


ISUPPLYin Battery-Backup 
Vcc = OV,VSATT= 2.8V 
TA = +25'C 
0.05 
1.0 
!1A 
Mode (Excluding 
lOUT) 
TA=TMINtoTMAX 
5.0 


VSATI Standby 
Current 
(Note 3) 
5.5V > Vcc 
> 
TA = +25'C 
-0.1 
+0.02 
!1A 
VSATT +0.2V 
TA = TMIN to TMAX 
-1.0 
+0.02 


VOUTOutput 
lOUT = 5mA 
Vcc 
- 0.05 
Vcc 
- 0.025 
V 


lOUT = 50mA 
VCC - 0.5 
Vcc 
- 0.25 


VOUT in Battery-Backup 
Mode 
lOUT = 250!1A. VCC < VSATT - 0.2V 
VSATT - 0.1 
VSATI- 
0.02 
V 


Battery 
Switch Threshold, 
Vcc 
VCC < VRT 
Power-up 
20 
mV 
toVSATT 
Power-down 
-20 


Battery 
Switchover 
Hysteresis 
40 
mV 


-- 
MAX690A 
450 
4.65 
475 
RESET Threshold 
VAT 
V 


MAX692A 
4.25 
4.40 
4.50 


RESET Threshold 
Hysteresis 
40 
mV 


RESET Pulse Width 
tRS 
140 
200 
280 
ms 


ISOURCE = 800llA 
VCC -1.5 


RESET Output 
Voltage 


ISINK = 3.2mA 
0.4 


MAX69 
AC; VCC = 1.0V, ISINK = 50llA 
V 
0.3 


MAX69_AE/AM; 
Vcc 
= 1.2V, 
0.3 
ISINK = 100!1A 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 
=- 


(Vee = +4.75V 
to +5.5V, VSATI = 2.8V, TA = TMIN to TMAX, unless otherwise 
noted.) 
:;: 
t1 
CD 


~ 
E 
t1 


Note 2: Either Vee or VSATI can go to OV, if the other is greater 
than 2.0V. 
CD 


Note 3: 
"+" = battery-charging 
current, 
"-" = battery-discharging 
current. 
•.••• 


Note 4: WDI is guaranteed 
to be in an intermediate, 
non-logic 
level state if WDI is floating 
and Vee is in the operating 
voltage 
range. 
~ 


WDI is internally 
biased 
to 35% of Vec with an input impedance 
of 50kQ. 
•• 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Watchdog 
Timeout 
twD 
1.00 
1.60 
2.25 
sec 


WDI Pulse Width 
twp 
VIL = Oo4V,VIH = (0.8) (Vce) 
50 
ns 


WDllnput 
Threshold 
(Note 4) 
VCC = 5V 
I Logic 
Low 
0.8 
V 
I Looic 
Hioh 
35 


WDI Input Current 
WDI = Vee 
50 
150 
~ 
WDI = OV 
-150 
-50 


PFI Input Threshold 
VCC = 5V 
1.20 
1.25 
1.30 
V 


PFI Input Current 
-25 
0.01 
25 
nA 


- 
ISOURCE = 800IlA 
Vee-15 
PFO Output 
Voltage 
V 
ISINK = 3.2mA 
004 


MAX690A 
RESET OUTPUT 
VOLTAGE 
YS. 


SUPPLY 
VOLTAGE 


+SV 


vcc 
~ 
:C. 


OV 
+SV- 


RESET 
~ 
:C. 


OV 


SoomS/div 


OUTPUT 
VOLTAGE 
YS. 
OUTPUT 
VOLTAGE 
YS. 


500 
LOAD CURRENT 
2.80 
LOAD CURRENT 


Vcc = +SV 
vcc=ov 


VBATT= +2.8V 
VBATT= +2.8V 
495 
T = +25'C 
278 
TA= +25"C 


~ 
4.90 
~ 
276 
~ 
~ 
!j; 
4.85 
!j; 
274 


4.80 
2.72 


4.75 
270 
10 
20 
30 
40 
50 
02 
0.4 
0.6 
0.8 
1.0 
lour (mAl 
lour (mA) 


MAX690A 
RESET 
RESPONSE 
TIME 


-lvcc- 
10k 
TA=+2S"C 
Vcc 
_ 
RESET - 


RESET 
GNO 
130PF 


I 1--rI 
+1 
I 


+SV 


+4V 
PFO 


+3V 
PFO 


~ 
:C. 
OV 
OV 


+1.30V 
Vcc = +sv 
+1.30V 


PFI 
TA= +2S"C 
PFI 


OV 
+1.20V 
+1.20V 


400nS/div 
4oonS/div 
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Detailed Description 


RESET Output 


A microprocessor's 
(I!P's) reset input starts the I!P in a 


known 
state. 
When 
the I!P is in an unknown 
state, 
it 


should 
be 
held 
in reset. 
The 
MAX690NMAX692A's 
RESET output ensures that the I!P powers 
up at a known 


state, and prevents 
code execution 
errors during power- 
down or brownout 
conditions. 


On power-up, 
once VCC reaches 
1V, RESET is guaran- 


teed to be a logic low. As VCC rises, RESET remains low. 
When VCC exceeds 
the reset threshold, 
an internal timer 


keeps RESET low for a time equal to the reset pulse width; 
after this interval, RESET goes high (Figure 2). 
If a brown- 
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PIN 
NAME 
FUNCTION 


Supply Output for CMOS RAM. When Vcc 
is above the reset threho!d, VOUTcon- 


1 
VOUT 
nects to Vcc through a P-channel 
MOSFETswitch. When VCCis below the 
reset threshold, the higher of VCCor VSATI 
will be connected to VOUT 


2 
VCC 
+5V Supply Input 


3 
GND 
Ground 


Power-FailComparator Input. When PFIis 


4 
PFI 
less than 1.25V,PFOgoes low. Connect 
PFIto GND or VCCwhen not used. 
-- 
Power-FailOutput. When PFI is less than 
5 
PFO 
1.25V,PFO goes low; otherwise PFOstays 
high. 


Watchdog Input. If WDI remains high or 
low for 1.6sec, the internalwatchdog timer 
runs out and RESETis triggered. If WDI is 
left floating or connected to a high-imped- 
6 
WDI 
ance three-state buffer, the watchdog fea- 
ture is disabled. The internal watchdog 
timer clears whenever RESETis low, WDI 
is three-stated, or WDI sees a rising or fail- 
ing edge. 


Reset Output. Whenever RESETis trig- 
gered, it pulses low for 200ms. It stays 


-- 
low when VCCis below the reset threshold 
7 
RESET 
(4.65V in the MAX690A and 4AV in the 
MAX692A) and remains low for 200ms 
after Vcc rises above the reset threshold. 
A watchdog timeout also triggers RESET. 


Backup-Battery Input. When VCCfalls 
below the reset threshold, VSATIwill be 
switched to VOUTif VSATIis 20mV greater 


8 
VSATI 
than Vcc. When Vcc rises to 20mV above 
VSATI,VOUTwill be reconnected to Vcc. 
The 40mV hysteresis prevents repeated 
switching if Vcc falls slowly. 


AI'I.AlXIAI'I 


MAX690A 
MAX692A 


out condition 
occurs 
(if VCC dips below the reset thresh- 
old), RESET is triggered. 
Each time RESET is triggered, 


it stays low for the reset pulse width 
interval. 
Any time 


VCC goes 
below 
the reset threshold, 
the internal 
timer 


restarts 
the pulse. 
If a brownout 
condition 
interrupts 
a 


/"'. /J X •/"'. 


YOU! 


OV 
+5V 


RESET 


OV 
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previously 
initiated 
reset pulse, the reset pulse continues 
for another 
200ms. 
~ower-down, 
once 
Vcc 
goes 
below the threshold, 
RESET is guaranteed 
to be logic low 
until VCC droops 
below 
1V. 


RESET is also triggered 
by a watchdog 
timeout. 
If a high 


or low is continuously 
applied 
to the WDI pin for 1.6sec, 


RESET pulses 
low. 
As long as RESET is asserted, 
the 


watchdog 
timer 
remains 
clear. 
When 
RESET comes 


high, the watchdog 
resumes timing and must be serviced 


within 
1.6sec. 
If WDI is tied high or low, a RESET pulse 
is triggered 
every 1.Bsec (two plus tRS). 


Watchdog 'nput 


The watchdog 
circuit 
monitors the ~P's activity. 
If the ~P 


does not toggle 
the watchdog 
input (WDI) within 1.6sec, 


a RESET pulse is tr~d 
The internal1.6sec 
timer is 


cleared 
by either a RESET pulse or by open circuiting 
the 
WDI input. 
As long as RESET is asserted orthe WDI input 


is open circuited, 
the timer remains cleared 
and does not 


count. 
As soon as RESET is released 
or WDI is driven 


high or low, the timer starts counting. 
It can detect pulses 


as short as SOns. 


Power.Fai' 
Comparator 


The PFI input is compared 
to an internal1.2SV 
reference. 
If PFI is less than 1.2SV, PFO goes low. 
The power-fail 


comparator 
is intended 
for use as an undervoltage 
de- 


tector 
to signal 
a failing 
power 
supply; 
it need 
not be 


dedicated 
to this function 
though, 
as it is completely 


separate 
from 
the rest of the MAX690A/MAX692A 
cir- 


cuitry. 
The external 
voltage 
divider 
drives 
PFI to sense 
the 
unregulated 
DC 
input 
to the 
+SV regulator 
(see 
Typical Operating 
Circuit). 
The voltage-divider 
ratio can 


be chosen 
such that the voltage 
at PFI falls below 
1.2SV 


just before the +SV regulator 
drops 
out. 
PFO then trig- 


gers 
an interrupt 
which 
signals 
the ~P to prepare 
for 


power-down. 


To conserve 
backup-battery 
power, the power-fail 
detec- 


tor comparator 
is turned off and PFO is forced 
low when 
VSATI connects 
to VCC. 


Backup·Battery 
Switchover 


In the event of a brownout 
or power 
failure, 
it may be 
necessary to preserve the contents of RAM. With a backup 
battery 
installed at VSATI, the MAX690NMAX692A 
auto- 


matically switch RAM to backup 
power when VCC fails. 


As long as VCC exceeds 
the reset threshold, 
VOUT con- 


nects to VCC through 
a SQ PMOS power switch. 
Once 
VCC falls below the reset threshold, 
VCC or VSATI (which- 


ever 
is 
higher) 
switches 
to 
VOUT. 
Unlike 
the 
MAX690/MAX692, 
the MAX690A/MAX692A 
don't always 


connect 
VSATI to VOUT when VSATI is greater than VCC. 
VSATI connects 
to VCC (through 
an BOQ switch) 
only 


when 
Vcc 
is below 
the reset threshold 
AND 
VSATI is 


greater 
than VCC. 


When VCC exceeds 
the reset threshold, 
it is connected 
to 


the MAX690A/MAX692A 
substrate, 
regardless 
of the volt- 


age applied to VSATI (Figure 3). During this time, the diode 
(01) between VSATI and the substrate will conduct 
current 
from VSATI to Vcc if VSATI is O.6V or greater than VCC. 


When VSATI connects to VOUT, backup 
mode is activated 


and the internal circuitry is powered from the battery (Table 
1). When VCC is just below VSATI, the current drawn from 
VSATI is typically 30~A. 
When VCC drops to more than 1V 


below VSATI, the internal switchover 
comparator 
shuts off 


and the supply current falls to less than 1~A. 


Table 1. 
Input and Output 
Status in 
Batterv-Backun 
Mode 


SIGNAL 
STATUS 


VCC 
Disconnected from VOUT. 


VOUT 
Connected to VSATTthrough an internal 80n 
PMOSswitch. 


VSATT 
Connected to VOUT. Current drawn from the bat- 
tery is less than 1~A as long as VCC< VSATT- 1V. 


PFI 
Power-failcomparator is disabled. 


PFO 
Logic low 


RESET 
Logic low 


WDI 
Watchdog timer is disabled. 


SW1 
SW2 
SW3 
SW4 


/ 
01 
02 


SUBSTRATE 


AllAlXI..NI 
f 
03 
MAX690A 
MAX692A 
T 
I 


CONDITION 
SW1/SW2 
SW3/SW4 


VCC> Reset Threshold 
Open 
Closed 


Vcc < Reset Threshold and 
Open 
Closed 
VCC> VSATT 


VCC< Reset Threshold and 
Closed 
Open 
VCC< VSATT 
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____ 
Applications 
Information 


Using a SuperCap ™ as a Backup 
Power Source 


SuperCaps 
are capacitors 
with extremely 
high capaci- 
tance 
values, 
on the order 
of 0.1F. 
Figure 
4 shows 
a 
SuperCap 
used as a backup 
power source. 
Do not allow 
the SuperCap's 
voltage 
to exceed 
the maximum 
reset 
threshold 
by more than 0.6V. 
In Figure 
4's circuit, 
the 
SuperCap 
rapidly 
charges 
to within a diode drop of Vee. 


However, 
after a long time, the diode leakage current will 
pull the SuperCap 
voltage 
up to Vee. 
When 
using 
a 
SuperCap 
with the MAX690A, Vee may not exceed 4. 75V 
+ 0.6V = 5.35V. 


+SV 


Vcc 
YOU! 
- 
TO STATIC RAM 


~';JXI~ 


MAX690A 


VBm 
RESET 
- 
TOIiP 


+ 


OlF I 
GND 
~ 


Figure 4. 
Using a SuperCap 
as a Backup 
Power Source 
with a 
MAX690A 
and a +5V ±5% Supply 


Use the SuperCap 
circuit of Figure 5 with a MAX692A and 
a±1 0% supply. 
This circuit ensures that the SuperCap only 


charges 
to Vee - 0.5V. 
At the maximum Vee of 5.5V, the 
SuperCap 
charges 
up to 5.0V, only 0.5V above the maxi- 
mum reset threshold-well 
within the requisite 0.6V. 


Allowable 
Backup Power-Source 
Batteries 


Lithium batteries 
work very well as backup 
batteries 
due 
to very low self-discharge 
rates and high energy density. 
Single lithium batteries 
with open-circuit 
voltages 
of 3.0V 
to 3.6V are ideal. Any battery with an open-circuit 
voltage 
less than the minimum 
reset threshold 
plus 0.3V can be 


connected 
directly 
to 
the 
VBATI 
input 
of 
the 
MAX690NMAX692A 
with no additional 
circuitry 
(see the 


~';JXI~ 


MAX692A 


VBATT 
RESET 
TO liP 


+ 
r0 


1F 


Figure 5. 
Using a SuperCap 
1M as a Backup 
Power Source 
with 


the MAX692A 
and a +5V ± 10% Supply 


Typical 
Operating 
Circuit). 
However, 
batteries 
with 


open-circuit 
voltages 
that are greater 
CANNOT 
be used 


for 
backup, 
as current 
is sourced 
into the 
substrate 


through 
the diode 
(01 in Figure 3) when Vee is close to 


the reset threshold. 


Table 2. Allowable 
Backup-Battery 
Voltages 
(see Using a SuperCap 
as a Backup 
Power Source 


section 
for use with a Supereap) 


PART 
NO. 
MAXIMUM 
BACKUP-BATTERY 
VOLTAGE 
(V) 


MAX690A 
4.80 


MAX692A 
4.55 


Using the MAX690A/MAX692A 
Without a 


Backup Power Source 


If a backup 
power 
source 
is not used, 
ground 
VBATI 


and connect 
VOUT to Vee. 
Since 
there 
is no need 
to 


switch 
over to any backup 
power 
source, 
VOUT does 


not need to be switched. 
A direct 
connection 
to Vee 


eliminates 
any voltage 
drops 
across 
the switch 
which 
may push VOUT below 
Vee. 


Replacing the Backup Battery 


The backup 
battery can be removed 
while Vee remains 
valid, 
without 
danger 
of triggering 
RESET. 
As long as 


Vee 
stays 
above 
the 
reset 
threshold, 
battery-backup 


mode cannot 
be entered. 
In other switchover 
ICs where 


battery-backup 
mode 
is entered 
whenever 
VBATI gets 


close 
to Vee, 
an unconnected 
VBATI pin accumulates 


leakage 
charge 
and triggers 
RESET in error. 


SuperCapTM is a trademark 
of Baknor Industries. 
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VIN 
+5V 
Ie1• 
I 


Rl 
Vcc 


PFI 


~AXI~ 


R3 
MAX690A 
MAX692A 
R1 
l---- 
PFO 


:l-D~ 


ov 
Vl VTRIP VH 
VIN 


VTRIP=1.25 (Rt ~ R1) 


( 


R111RJ 
) 
VH= 1.25/ 
R1+R111 RJ 


Vl-1.25 
5-1.25 
1.25 
--+--=- 


R, 
R3 
R1 


Adding Hysteresis 
to the 
Power·Fai' Comparator 


Hysteresis 
adds a noise margin to the power-fail 
compa- 


rator and prevents 
repeated 
triggering 
of PFO when VIN 
is close 
to its trip 
point. 
Figure 
6 shows 
how to add 
hysteresis 
to the power-fail 
comparator. 
Select the ratio 
of R1 and R2 such that PFI sees 1.25V when VIN falls to 
its trip 
point 
(VTRIP). 
R3 adds 
the 
hysteresis. 
It will 


typically 
be an order of magnitude 
greater than R1 or R2 
(about 
10 times either R1 or R2). 
The current through 
R1 


and R2 should 
be at least 
1J1Ato ensure 
that the 25nA 


(max) PFI input current 
does not shift the trip point. 
R3 


should be larger than 10kO so it does not load down the 
PFO pin. 
Capacitor 
C1 adds additional 
noise rejection. 


~AXI~ 


MAX690A 
MAX692A 


"'1 


PFO 


ov 


5 - 1.25 
1.25 -VTRIP 
-Rt-=--R1- 


NOTE: 
VTRIPIS NEGATIVE 


Monitoring a Negative Voltage 


The power-fail 
comparator 
can 
be used 
to monitor 
a 


negative 
supply 
rail using the circuit 
of Figure 7. 
When 


the negative 
rail is good 
(a negative 
voltage 
of large 
magnitude), 
PFO is low. 
When the negative 
rail is de- 
graded 
(a negative 
voltage 
of lesser 
magnitude), 
PFO 


goes high. 
This circuit's 
accuracy 
is affected 
by the PFI 
threshold 
tolerance, 
the VCC line, and the resistors. 


Microprocessor Supervisory Circuits 


Nominal 
Mlninum 
Nominal 
- 


Part 
Reset 
Reset 
Watchdog 
Backup- 
CE 
Power-Fall 
Manual 
Watchdog 
Low- 
Active- 
BattOn 
Pulse 
Timeout 
Battery 
Write 
Reset 
Line 
High 
Pins 
Number 
Threshold 
Width 
Period 
Switch 
Protect 
Comparator 
Input 
Output 
Output 
Reset 
Output 


(V) 
(ms) 
(see) 


MAX690A 
4.65 
140 
1.6 
yes 
no 
yes 
no 
no 
no 
no 
no 
8 DIP, SO 


MAX691 A 
4.65 
1401adj. 
1.61adj. 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
16 DIP, SO 


MAX692A 
4.40 
140 
1.6 
yes 
no 
yes 
no 
no 
no 
no 
no 
8 DIP, SO 


MAX693A 
4.40 
140/adj. 
161adj. 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
16 DIP, SO 


MAX696 
adj. 
35/adj. 
1.61adj. 
yes 
no 
yes 
no 
yes 
yes 
yes 
yes 
16 DIP, SO 


MAX697 
adj. 
35/adj. 
1.61adj. 
no 
yes 
yes 
no 
yes 
yes 
yes 
no 
16 DIP, SO 


MAX700 
4.651adj. 
200 
NA 
no 
no 
no 
yes 
yes 
no 
yes 
no 
8 DIP, SO 


MAX703 
4.65 
140 
NA 
yes 
no 
yes 
yes 
no 
no 
no 
no 
8 DIP, SO 


MAX704 
4.40 
140 
NA 
yes 
no 
yes 
yes 
no 
no 
no 
no 
8 DIP, SO 


MAX705 
465 
140 
1.6 
no 
no 
yes 
yes 
yes 
no 
no 
no 
8 DIP, SO 


MAX706 
4.40 
140 
1.6 
no 
no 
yes 
yes 
yes 
no 
no 
no 
8 DIP, SO 


MAX707 
4.65 
140 
NA 
no 
no 
yes 
yes 
no 
no 
yes 
no 
8 DIP, SO 


MAX708 
4.40 
140 
NA 
no 
no 
yes 
yes 
no 
no 
yes 
no 
8 DIP, SO 


MAX1232 
4.50/4.75 
250 
150/600/ 
no 
no 
no 
yes 
no 
no 
yes 
no 
8 DIP, SO 
1200ms 


,065" 


WDI 
(1.651mm) 


j 


SUBSTRATE 
MUST BE LEFT UNCONNECTED; 


TRANSISTOR 
COUNT: 
573. 


ADVANCE INFORMATION 
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All information 
in this data sheet is preliminary 


and subject 
to change. 
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_______ 
General Description 


The 
MAX691A/MAX693A 
microprocessor 
(~P) 
super- 


visors 
are 
pin-compatible 
upgrades 
to the 
MAX691, 


MAX693, 
and 
MAX695. 
The MAX691A/MAX693A 
im- 


prove performance 
with a 70~A supply 
current and 10ns 


chip-enable 
propagation 
delay. 
They 
feature 
write 


protection 
of 
CMOS 
RAM 
or 
EEPROM, 
separate 


watchdog 
outputs, 
backup-battery 
switchover, 
and 


RESET and RESET outputs 
that are valid with VCC down 


to 1V. 
The MAX691A 
has a 4.65V typ reset threshold 


voltage, 
and the MAX693A's 
reset threshold 
is 4.40V typo 
____________ 
Features 


Computers 


Controllers 


Intelligent 
Instruments 


Automotive 
Systems 


Critical 
~P Power Monitoring 


• 
200ms typ Power OK/Reset 
Time Delay 


• 
Fixed 1.6sec or Adjustable 
Watchdog 
Timeout 


Period 


• 1~A Standby 
Current 


• 
On-Board 
Gating of Chip-Enable 
Signals 


• 
10ns Chip-Enable 
Gate Delay 


• 
Max-Cap 
Compatible 


• 
Reset Assertion 
to VCC:o;1V 


• Volta~e Monitor for Power-Fail 
or Low-Battery 


Warmng 


• 
Available 
in 16-pin Narrow SO and Plastic Dip 


Packages 


NARROW so 
I 
-------101 


Vcc 
BATTON 


VBAn 
VOUT 


CEOUT 


PFI 


CEIN 
AIIAXIAII 
MAX691A 
MAX693A 
WOI 


GNO 
PFO 


OSC IN 
RESET 


OSC SEL 
RESET 


I01~F 
LOW LINE 
WOO 
--.L 


-f 
3V 
I 


BATTERY 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 
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_______ 
General Description 


The MAX703/MAX704 
microprocessor 
(~P) supervisory 


circuits 
reduce 
the 
complexity 
and 
number 
of com- 


ponents 
required 
to monitor 
power-supply 
and 
battery 
functions 
in uP systems. 
These 
devices 
significantly 
improve 
system 
reliability 
and 
accuracy 
compared 
to 


separate 
ICs or discrete 
components. 


The MAX703/MAX704 
provide 
four functions: 


1) A reset output 
during 
power-up, 
power-down, 
and brownout 
condition,. 


2) Battery-backup 
switchover, 


3) Power-fail 
or battery 
monitoring, 


4) An active-low 
manual 
reset input. 


Two 
supply-voltage 
monitor 
levels 
are available: 
The 
MAX703 generates 
a reset pulse when the supply voltage 
drops below 4.65V, while the MAX704 generates 
a reset 


pulse below 4.40V. 
Both parts are available 
in 8-pin DIP 


and SO packages. 


01~FI 
Vcc 


MR 
RESET 
~~~~N-li 
SWITCH 


R2 


PFI 
PFO 


LITHIUM 
.NIAXI.NI 


BATIERY 
~~;~ 


VBATI 
You 
GNO 


• 
Guaranteed 
RESET Valid at VCC = 1V 


• 
Precision 
Supply-Voltage 
Monitor 


4.65V in MAX703 
4.40V in MAX704 


• 
200ms 
Reset Time Delay 


• 
Debounced 
TIL-/CMOS-Compatible 
Manual 


Reset Input 


• 200~A Quiescent 
Current 


• 
Voltage 
Monitor for Power-Fail 
or Low-Battery 


Warning 


• 
Battery-Backup 
switch over 


Computers 


Controllers 


Intelligent 
Instruments 


Automotive 
Systems 


Critical ~P Monitoring 


~~I~JXI~~I 
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_______ 
General Description 


The MAX705-MAX708 
microprocessor 
(IlP) supervisory 


circuits 
reduce 
the 
complexity 
and 
number 
of com- 


ponents 
required 
to monitor 
power-supply 
and 
battery 


functions 
in IlP systems. 
These 
devices 
significantly 


improve 
system 
reliability 
and 
accuracy 
compared 
to 


separate 
ICs or discrete 
components. 


The MAX705/MAX706 
provide 
four functions: 


1) 
A reset output 
during 
power-up, 
power-down, 
and 


brownout 
conditions. 


2) 
An independent 
watchdog 
output that goes low if the 


watchdog input has not been toggled within 1.6 seconds. 


3) 
A 1.25V threshold 
detector for power-fail warning, low- 


battery 
detection, 
or for monitoring 
a power 
supply 


other than +5V. 


4) 
An active-low 
manual 
reset input. 


The MAX707/MAX708 are the same as the MAX705/MAX706, 
except 
an 
active-high 
reset 
is 
substituted 
for 
the 


watchdog 
timer. 


Two 
supply-voltage 
monitor 
levels 
are available: 
The 


MAX705/MAX707 
generate a reset pulse when the supply 
voltage 
drops 
below 4.65V, while the MAX706/MAX708 


generate 
a reset pulse 
below 
4.40V. 
All four parts are 


available 
in 8-pin DIP and SO packages. 
__________ 
Applications 


Computers 
Controllers 
Intelligent 
Instruments 
Automotive 
Systems 


Critical 
IlP Power Monitoring 
____ 
Typical Operating Circuit 


Vcc 
Vcc 


RESET 
RESET 
.NIAXIAI'I 


PFI 
MAX705 
~ 
I/O LINE 
~P 
MAX706 
WOO 
NMI 


PFO 
INTERRUPT 
MR 


___________ 
Features 
=- 


• 
Guaranteed 
RESET Valid at Vcc = 1V 
~ 


• 
Precision 
Supply-Voltage 
Monitor 
~ 


4.65V in MAX705/MAX707 
lw 


4.40V in MAX706/MAX708 
~ 


• 
200ms 
Reset Pulse Width 
~ 


• 
Debounced 
TTL-/CMOS-Compatible 
~ 


Manual 
Reset Input 
VI 


• 
Independent 
Watchdog 
Timer - 1.6sec Timeout 
I 


(MAX705/MAX706) 


• 
Active-High 
Reset Output (MAX707/MAX708) 
~ 


• 
200llA Quiescent 
Current 
~ 


• 
Voltage 
Monitor for Power-Failor 
Low-Battery 
lw 


Warmng 
~ 


______ 
Ordering Information 
~ 
C) 
PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX70SCPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX70SCSA 
O'C to +70'C 
8S0 


MAX70SC/D 
O'C to +70'C 
Dice- 


MAX70SEPA 
-40'C 
to +8S'C 
8 Plastic 
DIP 


MAX70SESA 
-40'C 
to +8S'C 
8S0 


MAX70SMJA 
-SS'C to + 12S'C 
8 CERDIP" 


Ordering 
Information 
continued 
on last page. 


• Dice are specified 
at TA = +25'C. 
"Contact 
factory for availability and processing 
to MIL-STD-883. 


Low-Cost, 
!J,PSupervisory 
Circuits 


20m A 
20mA 
20mA 


Operating 
Temperature 
Ranges: 
MAX70_C_ 
. 
. .. O·C to +70'C 
MAX70_E_ 
.....................•..... 
-40'C 
to +85'C 
MAX70_MJA 
.... 
-55'C 
to + 125'C 
Storage 
Temperature 
Range 
.. 
-65'C 
to + 160'C 
Lead Temperature 
(soldering, 
10 sec). 
. 
+300'C 


Terminal 
Voltage 
(with respect 
to GND) 


Vcc 
. -0.3V to 6.0V 


All Other Inputs (Note 1) . . . . . . . . . . 
-o.3V to (Vcc 
+ 0.3V) 
Input Current 


VCC 
. 


GND 
Output 
Current 
(all outputs) 
. 


Continuous 
Power Dissipation 
Plastic 
DIP (derate 
9.09mWI"C 
above 
+70'C) 
727mW 


SO (derate 
5.88mWI"C 
above 
+70'C) 
471mW 


CERDIP (derate 
8.00mWrC 
above 
+70'C) 
640mW 


Note 
1: 
The input voltage 
limits on PFI and MR can be exceeded 
if the input current 
is less than 10mA. 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Vcc 
= +4.75V 
to +5.5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Voltage 
Range 
Vcc 
MAX70 
C 
1.0 
55 
V 
MAX70 
E/M 
1.2 
5.5 


Supply 
Current 
ISUPPLY 
MAX70 
C 
200 
350 
!!A 
MAX70 
E/M 
200 
500 


Reset Threshold 
(Note 2) 
VRT 
MAX705/MAX707 
450 
4.65 
4.75 
V 
MAX706/MAX708 
4.25 
4.40 
4.50 


Reset Threshold 
40 
mV 
Hysteresis 
(Note 2) 


Reset Pulse Width (Note 2) 
tRS 
140 
200 
280 
ms 


ISOURCE = 800llA 
Vcc-1.5 
-- 
ISINK = 3.2mA 
0.4 
RESET Output 
Voltage 
V 
MAX70 
C, Vcc = lV, ISINK = 50llA 
0.3 


MAX70 
E/M, VCC = 1.2V, ISINK = 100llA 
0.3 


RESET Output 
Voltage 
MAX707/MAX708, 
ISOURCE= 800llA 
Vcc 
-1.5 
V 
MAX707/MAX708, 
ISINK = l.2mA 
0.4 


Watchdoa 
Timeout 
Period 
tWD 
MAX705/MAX706 
1.00 
1.60 
2.25 
sec 


WDI Pulse Width 
twp 
VIL = O.4V, VIH = (Vcc) 
(0.80) 
50 
ns 


WDI Input Threshold 
MAX705/MAX706, 
0.8 
Low 
V 


Hiah 
Vcc = +5V 
3.5 


WDI Input Current 
MAX705/MAX706, 
WDI = Vcc 
50 
150 
!!A 
MAX705/MAX706, 
WDI = OV 
-150 
-50 
-- 
MAX705/MAX706, 
ISOURCE= 800uA 
VCC-1.5 
WDO Output 
Voltage 
V 
MAX705/MAX706, 
ISINK = 1.2mA 
0.4 


MR Pull-Up 
Current 
MR = OV 
100 
250 
600 
uA 


MR Pulse Width 
tMR 
150 
ns 


MR Input Threshold 
Low 
08 
V 
High 
2.0 


MR to Reset Out Delay (Note 2) 
tMD 
250 
ns 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 


(VCC = +4.75V 
to +5.5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


PFI Input Threshold 
VCC = +5V 
1.20 
1.25 
1.30 
V 


PFI Input Current 
-25.00 
0.01 
25.00 
nA 


- 
ISOURCE = 800l!A 
VCc-l.5 
V 
PFO Output 
Voltage 


ISINK = 3.2mA 
~ 
0.4 


MAX705/MAX7o7 
RESET OUTPUT VOLTAGE ¥s. 
SUPPLyvoLTAGE 


+SV 


+SV 


Vcc 
Vcc 
a: 
'C. 


+SV 


OV 
+SV 


a: 


RESET 


'C. 


OV 


SOOms/div 


MAX705/MAX7o7 
RESET RESPONSE TIME 


VCf~l 
10k 
TA= +2S"C 


RESET 
I- 


RESET 
GNO 
130pF 


I~ 
I 


POWER·FAIL COMPARATOR 
DE-ASSERTION RESPONSE TIME 


PoWER·FAILCoMPARAToR 
MAX707 
ASSERTION RESPONSE TIME 
RESET, RESET ASSERTION 


+SV 
Vcc = VAT 
A = +2S"C 
+SV 
+SV 
PFO 
~ 
RESET 
'C. 


OV 
OV 


OV 
~ 
~ 
+SV 


'C. 
+SV 
+1.30V 
~ 
<: 
RESET 
PFI 
C: 
'C. 


OV 
OV 
+1.20V 


400ns/div 
400ns/div 


PFI 


+1.20V 


MAX707 


RESET, RESET DE·ASSERTloN 


Vcc = VRT 
A=+2S'C 


r--tcc 
, 


10k 


RESET 


~Okl 
RESET 
330pF 


GND J 330pF 
= 
I 


I 
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PIN 


MAX7051 
MAX7071 
NAME 
FUNCTION 


MAX706 
MAX708 


MR 
Manual Reset Input triggers a reset pulse when pulled below O.Sv. This active-low input has an inter- 


1 
1 
nal 250mA pull-up current. It can be driven from a TTL or CMOS logic line as well as shorted to 
ground with a switch. 


2 
2 
Vcc 
+5V Supply Input 


3 
3 
GNO 
OVGround Reference for all signals 


4 
4 
PFI 
Power-FailVoltage Monitor Input. When PFI is less than 1.25V,PFOgoes low. Connect PFIto GNO 
or VCCwhen not used. 


5 
5 
PFO 
Power-FailOutput goes low and sinks current when PFI is less than 1.25V;otherwise PFOstays high. 


Watchdog Input. If WOI remains high or low for 1.6 seconds, the internal watchdog timer runs out 


6 
- 
WOI 
and WOO goes low (Figure 1). Floating WOI or connecting WOI to a high-impedance three-state 
buffer disables the watchdog feature. The internal watchdog timer clears whenever RESETpulses, 
WOI is three-stated, or WOI sees a rising or falling edge. 


- 
6 
N.C. 
No Connect 


Active-Low Reset Output pulses low for 200ms when triggered, and stayslowwheneverVCCis below 
-- 
the resetthreshold(4.65Vinthe MAX705and4.40Vinthe MAX706).Itremainslowfor 200msafterVcc rises 
7 
7 
RESET 
above the resetthresholdor MR goes from low to high (Figure 3). A watchdog timeout will not trigger 
RESETunless WOO is connected to MR. 


Watchdog Output pulls low when the internal watchdog timer finishes its 1.6 second count, and does 


-- 
not go high again until the watchdog is cleared. WOO also goes low during low-line conditions. 
S 
- 
WOO 
Whenever Vcc is below the reset threshold, WOO stays low; however, unlike RESET,WOO does not 
have a minimum pulse width. As soon as Vcc rises above the reset threshold, WOO goes high with 
no delay. 
- 
S 
RESET 
Active-High Reset Output is the inverse of RESET. Whenever RESETis high, RESETis low, and vice 
versa (Figure 2). 


______ 
Detailed Description 


Reset Output 


A microprocessor's 
(JlP's) reset input starts the JlP in a 
known state. 
Whenever 
the JlP is in an unknown 
state, it 


should 
be held 
in reset. 
The MAX705-MAX708 
assert 


reset during power-up 
and prevent code execution 
errors 


during 
power-down 
or brownout 
conditions. 


On 
power-up, 
once 
VCC reaches 
1V, 
RESET 
is 
a 


guaranteed 
logic 
low of OAV or less. 
As VCC rises, 
RESET stays 
low. 
When 
VCC rises 
above 
the 
reset 


threshold, 
an internal 
timer releases 
RESET after about 


200ms. 
RESET pulses 
low whenever 
VCC dips 
below 
the 
reset 
threshold, 
i.e. 
brownout 
condition. 
If 


brownout 
occurs 
in the middle 
of a previously 
initiated 


reset 
pulse, 
the 
pulse 
continues 
for at least 
another 


140ms. 
On power-down, 
once 
VCC falls 
below 
the 


reset threshold, 
RESET stays 
low and is guaranteed 
to 
be OAV or less until VCC drops 
below 
1V. 


The MAX707/MAX708 
active-high 
RESET output is simply 
the complement 
of the RESET output. 
Some JlPS, such as 


Intel's 80C51 , require an active-high 
reset pulse. 


Watchdog Timer 


The MAX705/MAX706 
watchdog 
circuit monitors the JlP'S 


activity. 
If the JlP does 
not toggle 
the watchdog 
input 


(WOI) within 
1.6sec 
and WOI is not three-stated, 
WOO 
goes low. As long as RESET is asserted 
or the WOI input 


is three-stated, 
the watchdog 
timer will stay cleared 
and 
will not count. 
As soon as reset is released 
and WOI is 


driven high or low, the timer will start counting. 
Pulses as 


short as 50ns can be detected. 


Typically, 
WOO will be connected 
to the non-maskable 
interrupt 
input (NMI) of a JlP. When VCC drops below the 
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8 
WOO 
8 
RESET E 
>-e 
MR 


~ 


RESET 


Vcc 
2 


7_ 
I 


RESET 


E 


.AII";JXI.AII 
MAX10l 
MAX10B 
>-e 
PFI 
4 


PFO 
c:: 
Q) 


5 _ 
PFO 


"NOTE: 
4.40V FORMAX708. 


Figure 2. MAX107/MAX708 
Block Diagram 


.AIIAXI.AII 


MAX105 
MAX106 


reset 
threshold, 
WOO 
will 
go 
low whether 
or not the 


watchdog 
timer has timed 
out ~ormally 
this would 
trigger 
an NMI 
interrupt, 
but 
RESET goes 
low simul- 
taneously, 
and thus overrides 
the NMI interrupt. 


If WOI 
is left unconnected, 
WOO 
can 
be 
used 
as a 


low-line output. 
Since floating 
WOI disables 
the internal 


timer, WOO goes low only when VCC falls below the reset 
threshold, 
thus functioning 
as a low-line output. 


Only the MAX705/MAX706 
have a watchdog 
timer. 
The 


MAX707/MAX708 
have 
an active-high 
reset output 
in- 


stead. 


Manual Reset 


The manual reset (MR) input allows reset to be triggered 
by 
a pushbutton 
switch. 
The 
switch 
is effectiv~ 


debounced 
by the 140ms minimum 
reset pulse width. MR 


is TIL/CMOS 
logic compatible, 
so it can be driven by an 
~ 
external 
logic line. 
MR can be used to force a watchdog 
--- 
timeout 
to 
generate 
a 
res~uls~ 
in 
the 


MAX705/MAX706. 
Simply connect 
WOO to MR. 


Power·Fail 
Comparator 


The power-fail 
comparator 
can be used for various 
pur- 


poses because 
its output 
and noninverting 
input are not 
internally 
connected. 
The 
inverting 
input 
is internally 


connected 
to a 1.25V reference. 


To build an early-warning 
circuit 
for power 
failure, 
con- 


nect the PFI pin to a voltage 
divider 
(see TypicalOperat- 
ing Circuit). 
Choose 
the voltage 
divider 
ratio so that the 


voltage 
at PFI falls 
below 
1.25V just 
before 
the 
+5V 


regulator 
drops out. 
Use PFO to interrupt the f..lPso it can 


prepare 
for an orderly 
power-down. 
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twp 


-n-I--two-': 
I--two-': 


WDI +:: JUl__ ~'--JnJl 
' 


_+5V 
RESET 
OV 


Vcc\V~RT 
__ 
V~Rf 


,- 
IRS 
-: 


RESET 


OV 


MR+5V----------U 


OV 
-Il--lMo 
-I I-- tMR 


WDO+:~1_: 
( 
MR EXTERNALLY 
DRIVEN 
LOW 


Figure 4. 
MAX70S/MAX706 
RESET, MR, and WOO Timing with 


WOf Three-Stated 


Applications 
Information 


Ensuring a Valid RESET 
Output Down to Vcc = OV 


When Vcc falls below 1V, the MAX705-MAX708 
RESET 


output 
no longer 
sinks current-it 
becomes 
an open 


circuit. 
High-impedence 
CMOS logic inputs can drift to 


undetermined 
voltages 
if left undriven. 
If a pull-down 


resistor is added to the RESET pin as shown in Figure 5, 
any stray charge 
or leakage 
currents 
will be drained 


to ground, 
holding 
RESET low. 
Resistor value (R1) is 


not critical. 
It should 
be about 
100kn, 
large enough 


not to load RESET and small enough 
to pull RESET to 


ground. 


Monitor 
voltages 
other 
than 
the unregulated 
DC by 


connecting 
a voltage 
divider 
to PFI and adjusting 
the 


ratio 
appropriately. 
If required, 
add 
hysteresis 
by 


connecting 
a resistor 
(with 
a value 
approximately 


10 times the sum of the two resistors 
in the potential 


divider 
network) 
between 
PFI and PFO. 
A capacitor 


between 
PFI and 
GND 
will 
reduce 
the 
power-fail 


circuit's 
sensitivity 
to high-frequency 
noise 
on the 


line being 
monitored. 
RESET can 
be 
asserted 
on 


other voltages 
in addition 
to the +5V VCC line. 
Con- 


nect 
PFO to MR to initiate 
a RESET pulse 
when 
PFI 


drops 
below 
1.25V. 
Figure 
6 shows 
the 
MAX705- 


MAX708 
configured 
to assert 
RESET when 
the +5V 


supply 
falls 
below 
the reset 
threshold, 
or when 
the 


+12V supply 
falls below 
approximately 
11V. 


Monitoring a Negative 
Voltage 


The power-fail 
comparator 
can also monitor a negative 


supply 
rail (Figure 7). 
When the negative 
rail is good 


(a negative 
voltage 
of large 
magnitude), 
PFO is low, 


and 
when the negative 
rail is degraded 
(a negative 


voltage 
of lesser magnitude), 
PFO is high. 
B~ding 


the resistors 
and transistor 
as shown, a high PFO trig- 


gers reset. 
As long as PFO remains high, the MAX705- 


MAX708 
will 
keep 
reset 
asserted 
(RESET = low, 


RESET = 
high). 
Note 
that 
this 
circuit's 
accuracy 


depends 
on the PFI threshold 
tolerance, 
the VCC line, 


and the resistors. 
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+12V 
+sv 


I 
Vcc 
RESET 
TO~P 
1M 
1% 
AIIAXIAII 


MAX70_ 


MR 
'~1 


1% 
PFI 
PFO 
GND 


+SV 
E 
lOOk 
Vcc 
MR 
)< 
R1 


AIIAXIAII 


~ 


MAX70_ 
lOOk 


PFI 
PFO 
2N3904 


I 


R2 
RESET 
TO~P 
E 


GND 


V- 
)< 


'''1 
~ 
i 
:.~ 


v- 


'JTRIP 
OV 


PARAMETER 
MIN 
TVP 
MAX 
UNIT 


+ 12V Reset 
10.67 
1087 
11.50 
V 
Thresholdat+25"C 


Nominal 
Minimum 
Nominal 
- 


Part 
Reset 
Reset 
Watchdog 
Backup- 
CE 
Power-Fail 
Manual 
Watchdog 
Low- 
Active- 
Batt- 


Number 
Threshold 
Pulse 
Timeout 
Battery 
Write 
Comparator 
Reset 
Output 
Line 
High 
On 


Width 
Period 
Switch 
Protect 
Input 
Output 
Reset 
Output 
(V) 
(ms) 
(see) 


MAX690A 
4.65 
140 
1.6 
yes 
no 
yes 
no 
no 
no 
no 
no 


MAX691A 
4.65 
140/adj. 
1.6/adj. 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 


MAX692A 
4.40 
140 
1.6 
yes 
no 
yes 
no 
no 
no 
no 
no 


MAX693A 
4.40 
140/adj. 
1.6/adj. 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 


MAX696 
adj. 
35/adj. 
1.6/adj. 
yes 
no 
yes 
no 
yes 
yes 
yes 
yes 


MAX697 
adj. 
35/adj. 
1.6/adj. 
no 
yes 
yes 
no 
yes 
yes 
yes 
no 


MAX700 
4.65/adj. 
200 
NA 
no 
no 
no 
yes 
no 
no 
yes 
no 


MAX703 
465 
140 
NA 
yes 
no 
yes 
yes 
no 
no 
no 
no 


MAX704 
4.40 
140 
NA 
yes 
no 
yes 
yes 
no 
no 
no 
no 


MAX705 
4.65 
140 
1.6 
no 
no 
yes 
yes 
yes 
no 
no 
no 


MAX706 
4.40 
140 
1.6 
no 
no 
yes 
yes 
yes 
no 
no 
no 


MAX707 
4.65 
140 
NA 
no 
no 
yes 
yes 
no 
no 
yes 
no 


MAX708 
4.40 
140 
NA 
no 
no 
yes 
yes 
no 
no 
yes 
no 


MAX791 
4.65 
140 
1 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 


MAX1232 
4.50/4.75 
250 
0.15/0.60/ 
no 
no 
no 
yes 
no 
no 
yes 
no 
1.2 


MAX1259 
NA 
NA 
NA 
yes 
no 
yes 
no 
no 
no 
no 
no 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX706CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX706CSA 
O'C to +70'C 
8S0 


MAX706C/D 
O'C to +70'C 
Dice' 


MAX706EPA 
-40'C 
to +85'C 
8 Plastic DIP 


MAX706ESA 
-40'C 
to +85'C 
8S0 


MAX706MJA 
-55'C 
to + 125'C 
8 CERDIP" 


MAX707CPA 
O'C to +70'C 
8 Plastic DIP 


MAX707CSA 
O'C to +70'C 
8S0 


MAX707C/D 
O'C to +70'C 
Dice' 


MAX707EPA 
-40'C 
to +85'C 
8 Plastic DIP 


MAX707ESA 
-40'C 
to +85'C 
8S0 


MAX707MJA 
-55'C 
to + 125'C 
8 CERDIP" 


MAX708CPA 
O'C to +70'C 
8 Plastic DIP 


MAX708CSA 
O'C to +70'C 
8S0 


MAX708C/D 
O'C to +70'C 
Dice' 


MAX708EPA 
-40'C 
to +85'C 
8 Plastic DIP 


MAX708ESA 
-40'C 
to +85'C 
8S0 


MAX708MJA 
-55'C 
to + 125'C 
8 CERDIP" 


, 
Dice 
are specified 
at TA = +2S·C. 
,. Contact 
factory for availability 
and processing 
to MIL -STD-883. 


~ 


P~I 
PFO 


.070' 


(1.778mm) 


TRANSISTOR 
COUNT: 
572; 


SUBSTRATE 
MUST BE LEFT UNCONNECTED. 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 


6/92 
~1I1~JXI~1I1 


Microprocessor Supervisory Circuit 


_____________ 
GeneraIDescription 


The 
MAX791 
microprocessor 
(!!P) 
supervisory 
circuit 
reduces 
the 
complexity 
and 
number 
of 
components 


needed 
to monitor power-supply 
and battery-control 
func- 


tions in !!p systems 
by including 
!!p reset. manual 
reset 
input, backup-battery 
switchover, 
watchdog 
timer, CMOS 
RAM 
write 
protection. 
software-readable 
low-battery 


detector, 
and power-fail 
warning. 


The MAX791 features 
a 70!!A supply 
current, 
10ns clock- 


enable 
propagation 
delay, 
250mA 
output 
current 
in VCC 
mode, and 25mAoutput 
current in battery-backup 
mode. 


The MAX791 comes 
in 16-pin DIP and SO packages 
and 


provides 
a variety of functions: 


1) R'ESET output 
is asserted 
during 
power-up, 
power- 
down, and brownout 
conditions, 
and is guaranteed 
to be in the correct 
state for VCC down to 1V 


2) Manual reset input 


3) A 1.28V threshold 
detector 
provides 
power-fail 


warning 
and low-battery 
detection, 
or monitors 
a 
power supply 
other than +5V 


4) Two-stage 
power-fail 
warning 
- a separate 
low-line 


comparator 
compares 
VCC to a threshold 
150mV 
the reset threshold 


5) Backup-battery 
switchoverfor 
CMOS RAM, CMOS 


!!PS, or other low-power 
logic 


6) Software 
monitoring 
of backup-battery 
voltage 


7) A watchdog 
fault output 
goes active if the optional 


watchdog 
timer (software 
monitor) 
has not been 
toggled 
within a specified 
time period 


8) A preset or adjustable 
watchdog 
timeout 
period 


9) Write protection 
of CMOS RAM or EEPROM 


10) Pulsed watchdog 
output, 
to give advance 
warning 


impending 
reset caused 
by watchdog 
timeout. 


6 
WDPO 


PiSET 


WOO 


3 
CEN 


CEOUT 


11 
WOI 


o 
LOW LINE 


9 
MR 


______________________Features 


• 
Guaranteed 
RESET Valid at Vcc = 1V 


• 
Precision 4.72V Voltage Monitoring 


• 
200ms Power OK/Reset Time Delay 


• 
Independent Watchdog T1mer- Preset or Adjustable 


• 
1!!A Standby Current 


• 
Battery-Backup 
Power Switching 


• 
On-Board Gating of Chip-Enable Signals 


• 
Vonage Monitor for Power-Fall or Low-Battery 
Warning 


• 
Backup-Battery 
Monitor 


Computers 


Controllers 


Intelligent 
Instruments 


Automotive 
System 


Critical 
!!p Power Monitoring 


OTHER 
-+5V 


~~~M 
01j1~ 


SOURCES 
O.47F 


+12'1 
~:r 


9~ 


+12'1 SUPPLY 


FAILURE 
AQ·A15 
1,0 


j1P 


NMI 


PiSET 


______________ 
Analog Filters 


Analog 
Filters, Tables 
and Product 
Trees 
6-1 


MAX274 
8th-Order, 
Continuous-Time 
Analog 
Filter 
6-3 


MAX274EVKrr 
Evaluation 
Kit for MAX274 
6-3 


MAX274/ 
MAX275S0FT 


MAX275 


MAX291 


MAX292 


MAX293 


MAX294 


MAX295 
MAX296 


MAX297 


Filter Design Software for MAX274/MAX275 
6-3 


4th-Order, 
Continuous-Time 
Analog 
Filter 
6-3 


8th-Order 
Butterworth, 
Clock-Tunable, 
100:1 Lowpass 
Filter 
6-31 


8th-Order 
Bessel, Clock-Tunable, 
100:1 Lowpass 
Filter 
6-31 


8th-Order 
Elliptic, 
1.5 Transition 
Ratio, Clock-Tunable, 
100: 1 Lowpass 
Filter 
6-39 


8th-Order 
Elliptic, 
1.2 Transition 
Ratio, Clock-Tunable 
100:1 Lowpass 
Filter 
6-39 


8th-Order 
Butterworth, 
Clock-Tunable, 
50:1 
Lowpass 
Filter 
6-31 


8th-Order 
Bessel, Clock-Tunable 
50:1 Lowpass 
Filter 
6-31 


8th-Order 
Elliptic, 
1.5 Transition 
Ratio, Clock-Tunable 
50: 1 Lowpass 
Filter 
6-39 


Active Filters 


Pr\cet 
Filter 
Filter 
1DOO-up 
Part Number 
Description 
Type" 
Order" 
C•••• 
Cutoff-Frequency 
Range 
Program 
Method 
($) 


MAX270 
Dual,lowpass 
CH 
4 
Continuous 
1.0kHz to 25kHz 
f1Pbus/pin 
strap 
6.95 


MAX271 
Dual + T/H, lowpass 
CH 
4 
Continuous 
1.0kHz to 25kHz 
f1Pbus/pin 
strap 
7.61 


MAX274 
Quad, band/lowpass 
BT,BL,CH 
8 
Continuous 
100Hz to 150kHz 
Resistor 
4.95 


MAX275 
Dual, band/lowpass 
BT,BL,CH 
4 
Continuous 
100Hz to 300kHz 
Resistor 
3.75 


MFtO 
Dual, biquad 
Universal 
4 
Switched 
C1pacitor 
O.IHzto 
30kHz 
ResiStor 
1.70 


MAX260 
Dual,biquad 
Universal 
4 
Switched 
C1pacitor 
O.OIHz to 75kHz 
f1Pbus 
6.49 


MAX261 
Dual, biquad 
Universal 
4 
Switched 
C1pacitor 
0.4OHz to 57kHz 
f1Pbus 
6.50 


MAX262 
Dual, biquad 
Universal 
4 
Switched 
C1pacitor 
1.ooHz to 14lB<Hz 
f1Pbus 
7.49 


MAX263 
Dual, biquad 
Universal 
4 
Switched 
C1pacitor 
0.4OHz to 57kHz 
Pin strap 
6.89 


MAX264 
Dual, biquad 
Universal 
4 
Switched 
C1pacitor 
l.ooHz to 140kHz 
Pin strap 
7.50 


MAX265 
Dual, biquad 
Universal 
4 
Switched 
C1pacitor 
0.4OHz to 57kHz 
Pin/resistor 
6.49 


MAX266 
Dual, biquad 
Universal 
4 
Switched 
C1pacitor 
l.ooHz to 140kHz 
Pin Iresistor 
7.50 


MAX267 
Dual, biquad 
Universal 
4 
Switched 
C1pacitor 
0.4OHz to 57kHz 
Pin strap 
6.50 


MAX268 
Dual, biquad 
Universal 
4 
Switched C1pacitor 
l.ooHz to 14lB<Hz 
Pin strap 
7.00 
! 
MAX280 
Single, lowpass 
BT 
5 
Switched C1pacitor 
OCto 
20kHz 
Oock, resistor, C1pacitor 
3.99 


MAX281 
Single, lowpass 
BL 
5 
Switched C1pacitor 
OCto 
20kHz 
Oock, resistor, C1pacitor 
3.99 


MAX291 
Single, lowpass 
BT 
8 
Switched C1pacitor 
O.IHzto 
25kHz 
Oock 
2.95 


MAX292 
Single, lowpass 
BL 
8 
Switched C1pacitor 
O.IHzto 
25kHz 
Oock 
2.95 


MAX293 
Single, lowpass 
ET 
8 
Switched C1pacitor 
O.IHzto 
25kHz 
Oock 
tt 


MAX294 
Single, lowpass 
ET 
8 
Switched C1pacitor 
O.IHzto 
25kHz 
Oock 
tt 


MAX295 
Single, lowpass 
BT 
8 
Switched 
C1pacitor 
0.1Hz to 50kHz 
Oock 
2.95 


MAX296 
Single, lowpass 
BL 
8 
Switched 
C1pacitor 
O.IHz to 50kHz 
Oock 
2.95 


MAX297 
Single, lowpass 
ET 
8 
Switched 
C1pacitor 
O.IHzto 
50kHz 
Oock 
tt 


LTCI062 
Single, lowpass 
BT 
5 
Switched 
C1pacitor 
OCto 
20kHz 
Oock, resistor, C1pacitor 
5.19 


• BT = Butterworth, 
BL = Bessel, CH = Chebyshev, 
EL = Elliptic, Universal = All Filter Types 
•• Order level achieved 
by C1scading all filters in package. 


t 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 


tt Future product 
- contact factory for pricing and availability. 
I 
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MAX260 
(dual/7 
5kHz/2P) 


MAX261 
(dual/57kHz/2P) 


MAX262 
(dual/l40kHz/2P) 


MAX263 
(dual/57kHz/2P) 


MAX264 
(dual/l40kHz/2P) 


MAX265 
(dual/57kHz/2P) 


MAX266 
(dual/l40kHz/2P) 


MFlO 
(dual/30kHz/2P) 


ACTIVE FItTERS 


SWITCHED-CAPACITOR· 


FILTERS 


MAX267 (dual/57kHz/2P) 


MAX268 (dual/l40kHz/2P) 


MAX280 (20kHz/SP) 


MAX281 (20kHz/5P) 
* MAX291 (25kHz/8P) 
* MAX292 (25kHz/8P) 
* MAX293 (25kHz/8P) 
* MAX294 (25kHz/8P) 
* MAX295 (SOkHz/8P) 
* MAX296 (SOkHz/8P) 
* MAX297 (SOkHz/8P) 


LTCl062 
(20kHz/5P) 


CONTINUOUS 
FILTERS 


LOWP ASS 2nd ORDER 


MAX270 
(dual/l-25kHz/2P) 


MAX271 
(dual/l-25kHz/2P) 


LOWP ASS/BANDPASS 


MAX274 
(quad/200kHz/2P) 


MAX275 
(dual/400kHz/2P) 
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4th- and 8th-Order Continuous- Time 


Active Filters 


______ 
General 
Description 


The MAX274 and MAX275 are continuous-time 
active 
filters consisting 
of independent 
cascadable 
2nd-order 
sections. 
Each 
section 
can 
implement 
any 
all-pole 
bandpass 
or lowpass 
filter response, 
such as Butter- 
worth, Bessel, and Chebyshev, 
and is programmed 
by 


four external 
resistors. 
The MAX274/MAX275 
provide 
lower noise than switched-capacitor 
filters, as well as 
superior 
dynamic 
performance 
- both due to the con- 
tinuous-time design. 
Since continuous-time 
filters do not 
require a clock, aliased and clock noise are eliminated 
with the MAX274/MAX275. 


The MAX274 comprises four 2nd-order 
sections, permit- 


ting 8th-order 
filters to be realized 
Center frequencies 
range up to 150kHz, and are accurate to within ±1% over 
the full operating 
temperature 
range. 
Total harmonic 
distortion (THO) is typically 
better than -89dB 


The MAX275 comprises 
two 2nd-order 
sections, permit- 
ting 4th-order 
filters to be realized. 
Center frequencies 
range up to 300kHz, and are accurate 
to within ±O.9% 
over the full operating temperature 
range. Total harmonic 
distortion (THO) is typically 
better than -86dB 


Both filters operate from a single +5V supply or from dual 
±5V supplies 
_________ 
Applications 


Low-Distortion 
Anti-Aliasing 
Filters 
DAC Output Smoothing 
Filters 


Modems 


Audio/Sonar/Avionics 
Frequency Filtering 


Vibration Analysis 


____________ 
Features 


• 
Continuous-Time 
Filter - No Clock, No Clock Noise 


• 
Implement 
Butterworth, 
Chebyshev, 
Bessel and 


Other Filter Responses 


• 
Lowpass, Bandpass Outputs 


• 
Operate from a Single +5V Supply 
or 


Dual ±5V Supplies 


• 
Design Software Available 


• 
MAX274 Evaluation 
Kit Available 


• 
8th-Order - Four 2nd-Order Sections (MAX274) 
4th-Order - Two 2nd-Order Sections (MAX275) 


• 
Center-Frequency 
Range: 
150kHz for MAX274 
300kHz for MAX275 


• 
Low Noise: 
-86dB THO Typical for MAX274 
-89dB THO Typical for MAX275 


• 
Center-Frequency 
Accurate Over Temp: 
within ±1% for MAX274 
within ±O.9% for MAX275 


______ 
Ordering 
Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX274ACNG 
O'C to +70"C 
24 Narrow Plastic DIP 


MAX274BCNG 
O'C to +70'C 
24 Narrow Plastic DIP 


MAX274ACWI 
O'C to +70'C 
28 Wide SO 


MAX274BCWI 
O'C to +70'C 
28 Wide SO 


MAX274BC/D 
O'C to +70'C 
Dice' 


Ordering Information 
continued 
on last page 
• Contact factory for dice specifications. 
___ 
Typical 
Operating 
Circuits 


10kHz 8TH-ORDER 
BUTTERWORTH 
LOWPASS FILTER 


PIN NUMBERS 
ARE FOR DIP 


Typical 
Operating 
Circuits 
continued 
on last pege 


AIIAXIAII 
MaximlntegratedProducts 
6-3 


Call toll free 1·800·998·8800 
for free samples or literature. 


4tl1- and 8th-Order Continuous- Time 
Active Filters 


ABSOLUTE 
MAXIMUM 
RATINGS 


v+ to v- 
-0.3V, 
12V 


Input Voltage 
to GND (any input) 
V- - 0.3V, V+ + 0.3V 
Continuous 
Power Dissipation 
(TA = + 70°C) 
MAX274 
24-Pin Narrow 
Plastic DIP 
(derate 
13.33mWrC 
above 
+70°C) 
. 


28-Pin Wide SO (derate 
12.S0mWrc 
above 
+ 70°) 


24-Pin CERDIP (derate 
12.S0mWrc 
above 
+70°C) 
MAX27S 
20-Pin Plastic DIP(derate 
11.11mWrC 
above 
+70°C) 
20-Pin Wide SO (derate 
10.00mWrc 
above 
+ 70°) 
20-Pin CERDIP (derate 
11.11mWrC 
above 
+70°C) 
. 


Operating 
Temperature 
Ranges: 


MAX27 __ C_ _ 
O°C to + 70°C 


MAX27 __ E_ _ 
. 
-40°C to +8SoC 
MAX27 __ MRG 
-SS"C to + 12SoC 


Storage 
Temperature 
Range 
-6S"C to + 165°C 


Lead Temperature 
(soldering, 
10 sec) 
+300°C 
1067mW 
1000mW 
1000mW 


889mW 
800mW 
889mW 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
- MAX274 


(V+ = 5V, V- = -5V, test circuit 
A of Figure 
1a, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FILTER 
CHARACTERISTICS 


Maximum 
Operating 
Frequency 
10 
MHz 


Center-Frequency 
Range 
Fa 
(Note 1) 
100 to 
Hz 
150k 


MAX274A 
-1.0 
1.0 


Center-Frequency 
Accuracy 
Fa 
% 


MAX274B 
-1.4 
1.4 


MAX274A 
-10 
10 
Q Accuracy 
- Unadjusted 
% 


MAX274B 
-15 
15 


Q Accuracy 
- Adjusted 
Scaled 
for bandwidth 
compensation 
±2.8 
% 


Fa Temperature 
Coefficient 
/!"Fa//!"T 
(Note 2) 
-28 
ppmrc 


Q Temperature 
Coefficient 
/!"Q//!"T 
(Note 2) 
160 
ppmrc 


LPO_ , Figure 
1a, 
11Hz 
to 10Hz 
23 
Wideband 
Noise 
VNOISE 
IJ.VRMS 
test circuit 
B 
110Hz 
to 10kHz 
120 


DC CHARACTERISTICS 


Assume 
ideal 
MAX274A 
-2 
2 
DC Lowpass 
Gain Accuracy 
HOLP 
resistors 
% 


MAX274B 
-3 
3 


MAX274A 
-200 
200 
LPO_ 
MAX274B 
-300 
300 


Offset Voltage 
at Outputs 
Vos 
mV 
MAX274A 
-40 
40 
BPO_ 


f\1.AX274B 
-80 
80 


Offset Voltage 
Drift 
/!"Vos!/!"T 
20 
IJ.vrc 


Leakage 
Current 
at FC Pin 
IFe 
-10 
10 
IJ.A 


DYNAMIC 
FILTER 
CHARACTERISTICS 


FTEST= 1kHz, 
Figure 
1a. 
-86 
test circuit 
B 
LPO_, 
Signal-to-Noise 
plus Distortion 
SINAD 
dB 
FTEST= 10kHz, 
VLPO = 8Vp-p 
Figure 
1a. 
-82 
test circuit 
C 


4th- and 8th-Order Continuous- Time 


Active Filters 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
- MAX274 


(V+ = 5V, V- = -5V, test circuit 
A of Figure 
1a, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage 
Swing 
VOUT 
LPO_ , BPO_ , RLOAD = 5kQ 
±3.25 
±4.50 
V 


Slew Rate 
SR 
10 
V/flS 


Gain-Bandwidth 
Product 
GBW 
7.5 
MHz 


POWER 
REQUIREMENTS 


Supply 
Voltage 
Range 
VSUpp 
(Note 3) 
±2.37 
±5.50 
V 


Supply 
Current 
IC 
For V+, V- 
20 
30 
mA 


Power-Supply 
Rejection 
Ratio 
PSRR 
V+ = 5V + 100mVp-p 
at 1kHz, V- = -5V 
-30 
dB 


Note 
1: 
Center frequencies 
(FaS) below 
100Hz are possible 
at reduced 
dynamic 
range. 


Note 2: 
Assume 
no drift for external 
resistors. 


Note 3: 
See Figure 9 for single-supply 
operation. 


ELECTRICAL 
CHARACTERISTICS 
- MAX275 


(V+ = 5V, V- = -5V, test circuit 
A of Figure 
1b, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


FILTER 
CHARACTERISTICS 


Maximum 
Operating 
Frequency 
10 
MHz 


Center-Frequency 
Range 
Fa 
(Note 1) 
100 to 
Hz 
300k 


MAX275A 
-0.9 
0.9 
Center-Frequency 
Accuracy 
Fa 
% 
MAX275B 
-1.4 
1.4 


MAX275A 
-8 
8 
Q Accuracy 
- Unadjusted 
% 


MAX275B 
-12 
12 


Q Accuracy 
- Adjusted 
Scaled 
for bandwidth 
compensation 
±1 
% 


Fa Temperature 
Coefficient 
~FoI~T 
(Note 2) 
-24 
ppmrC 


Q Temperature 
Coefficient 
~Q/~T 
(Note 2) 
38 
ppmrC 


LPO_, test circuit B 
1Hz to 10Hz 
6 
Wideband 
Noise 
VNOISE 
of Figure 
lb, 
flVRMS 


10Hz to 10kHz 
42 


DC CHARACTERISTICS 


Assume 
ideal 
MAX275A 
-1 
1 
DC Lowpass 
Gain Accuracy 
HOLP 
resistors 
% 


MAX275B 
-2 
2 


MAX275A 
-125 
125 
LPO- 
MAX275B 
-250 
250 
Offset Voltage 
at Outputs 
VOS 
mV 
MAX275A 
-50 
50 
BPO- 
MAX275B 
-100 
100 


Offset Voltage 
Drift 
~VOS/~T 
20 
flVrC 


Leakage 
Current 
at FC Pin 
IFC 
-10 
10 
flA 


DYNAMIC 
FILTER 
CHARACTERISTICS 


FTEST= 1kHz, 
test circuit 
B of 
-89 


Signal-to-Noise 
plus Distortion 
SINAD 


Figure 
lb, 
LPO_, 
dB 
FTEST= 10kHz, 
VLPO = 8Vp-p 


test circuit 
C of 
-83 
Figure 
lb, 


4th- and 8th-Order 
Continuous- Time 
Active Filters 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
- MAX275 


(V+ = 5V, V- = -5V, test circuit 
A of Figure 
1b, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
Swing 
VOUT 
LPO_, BPO_, RLOAD = 5kn 
±3.25 
±4.50 
V 


Internal Amplifier 
Slew Rate 
SR 
10 
V/IlS 


Gain-Bandwidth 
Product 
GBW 
15 
MHz 


POWER 
REQUIREMENTS 


Supply 
Voltage 
Range 
Vsupp 
(Note 3) 
±237 
±5.50 
V 


Supply 
Current 
Ie 
ForV+, 
V- 
10 
24 
mA 


Power-Supply 
Rejection 
Ratio 
PSRR 
V+ = 5V + 100mVp-p 
at 1kHz, V- = -5V 
-35 
dB 


Note 
1: 
Center frequencies 
(FaS) below 
100Hz are possible 
at reduced 
dynamic 
range. 


Note 2: 
Assume 
no drift for external 
resistors. 
Note 3: 
See Figure 9 for single-supply 
operation. 


FILTER WIOEBANO RESPONSE USING 
TYPICAL OPERATING CIRCUIT 
FILTER RESPONSE USING 
TYPICAL OPERATING CIRCUIT 
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4th- and 8th-Order Continuous- Time 


Active Filters 
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4th- and 8th-Order 
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CIRCUIT 
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A 
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195 
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40 
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______ 
Detailed Description 


The MAX274 contains 
four identical 
2nd-order 
filter sec- 


tions while the MAX275 contains 
two sections. 
Figure 2 


shows 
the state-variable 
topography 
employed 
in each 


filter section. 
This topography 
allows simultaneous 
low- 


pass and bandpass 
functions 
at separate 
outputs. 


The 
MAX274/MAX275 
employ 
a four-amplifier 
design, 
chosen 
for its relative insensitivity 
to parasitic 
capacitan- 
ces 
and 
high 
bandwidth. 
The built-in 
capacitors 
and 


amplifiers, 
together 
with 
external 
resistors, 
form 
cas- 


caded 
integrators 
with feedback 
to provide 
simultaneous 


low pass 
and 
bandpass 
filtered 
outputs. 
To maximize 
bandwidth, 
the highpass 
(HP) node is not accessible. 
A 


5kU resistor 
is connected 
in series with the input of the 


last stage 
amplifier 
to isolate 
the integration 
capacitor 


from external 
parasitic 
capacitances 
that could 
alter the 


filter's pole accuracy. 


Although 
a notch output pin is not available, 
a notch can 


be created 
at the pole frequency 
by summing 
the input 


and 
bandpass 
output. 
See 
Creating 
a Notch 
Output 


Section 
Filter Design Procedure 


Figure 
3 outlines 
the 
overall 
filter 
design 
procedure. 


Maxim's 
Filter Design 
Software 
is highly 
recommended. 


This software 
automatically 
calculates 
filter order, 
poles, 


and Os based on the required 
Mer shape, so no manual 


calculations 
are necessary. 
Menu-driven 
commands 
and 


on-screen 
filter response graphs take the user through the 


complete design process, including the selection of resistor 
values for implementing 
a fi~er with the MAX274/MAX275. 


See Maxim Filter Design Software section. 


If designing 
without the filter software, 
see the filter design 


references 
listed 
at the end of this data 
sheet. 
These 


references 
provide 
numerical 
tables 
and 
equations 


needed 
to translate 
a desired 
filter response 
into order, 


poles, and O. 
Once these three parameters 
have been 


calculated, 
see the next section, 
Translating 
FcJQ Pairs 


into MAX274/MAX275 
Hardware 
(Resistor 
Selection). 
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CONNECT 
RY/RX· 


FCTO: 
(k.Q) 


v+ 
13/52 


GND 
65/13 


v- 
325/13 


BANDPASS DUTPUT 


EQUATIONS DO NOT INCLUDE COMPENSATION FACTORS 
THAT CORRECT SMALL ERRORS IN FOAND Q DUE TO 
AMPLIFIER BANDWIDTH LIMITATIONS. 
SEE TYPICAL 
(_ I 
) 
(R) 
(R2)(RX) 
OPERATING CHARACTERISTICS FOR CORRECTION FACTORS 
O=l 
\f 
(R2)~+5l<n) 
(R3) 
~ 
HotP=LPGAlNATIlC= 
R1 RY 


• WHILE THE RATIO RY/RX IS ACCURATELY CONTROLLED, PROCESS VARIATIONS AND TEMPERATURE DRIFT 


RESULT IN UP TO ±30% VARIATION OF ACTUAL VALUES OF RX AND RY. 


HOp 
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" 
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Fe 
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S("'>'O) 
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S +S("'>'O)+"", 


HOBP= BPGAIN AT W= "'" 


Fa = wo/2n = THE CENTER FREQUENCY UF THE COMPLEX POLE PAIR. INPUT-OUTPUT 
PHASE SHIFT IS -lBO' 
AT Fa. 


Ff'1(= THE FREQUENCY AT WHICH BPO_ GAIN IS THE GREATEST (MAY NOT BE EQUAL 
TO Fa). 


Q = THE QUALITY FACTOR OF THE COMPLEX POLE PAIR. ALSO THE RATIO OF Fa, TO 
-3dB (0707) 
BANDWIDTH OF THE SECOND-ORDER BANDPASS RESPONSE. 


Q=~ 


FH- Fl 
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dBtl 
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NONSTANDARD 
DESIGN 
• 
Have one or 
more Roles 10 
beimplerT!lflled. 
no zeros In 
transfer 
funclion 


'CLASSIC' 
TYPE 


(standard. simplest 
to design) 
• Butterworth 
• Chebyshev 


• 
Bessel 


~ 
dBLc 
dBb[ 


I 


'CLASSIC' 
TYPE 
WITH ZEROS 
(when absolute 
sleepest lilter is 
required) 


• Elliptic 


NONSTANDARD 
DESIGN 
• Includes zeros 


inlransler 
function 


IDENTICAL 
CASCADED 
SECTIONS 
• Sharp band lor 
passing a single 
Irequency 


dBtL lJl l1l 


f 
f 
I 
I 
A 
I 


CHEBYSHEV 
• Steeper rolloff 
• Passband ripple 
fPaffsband not 


ALLPASS 
d:b: 


I 


SEE MAX260 
FILTER 
FAMILY 


SEE MAX293. 


MAX294. MAX297. 


OR MAX260 
FILTER FAMILY 


GOTO CASCADING 
IDENTICAL 
BANDPASS 
SECTIONS IN 
DATA SHEET 


GO TO 
CREATlNGA 
NOTCH OUTPUT 
SECTION 


MAXIM FILTER DESIGN SOFTWARE 
• Calculates order. FolD pairs based on desired lilter shape lor Butterworth. Chebyshev. 


Bessel types 


• Selej:ts gains lor individual seclions 10provide desired overall filler gain while 
maximIZing dynamiC range 


• Selects resislors lor each lilter section 
• Plots lilter response. phase. and delay 


BESSEL 
• Least steeprollo" 
• Constant delay from input 10 
aJW,~offrlXlue~ 


• FastestsettlirY,jlime re5Ronse 
to step input- no overshool 
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Translating 
Calculated 
FoIQ Pairs into 
MAJC274/MAX275 
Hardware 
(Resistor Selection) 


If the filter 
design 
procedure 
has been 
completed 
as 


outlined 
in Figure 3, with the exception 
of external resistor 


selection, 
follow these steps: 


1. 
Check 
all 
FoIQ 
pairs 
for 
realizability, 
The 


MAX274/MAX275 
have limits on which 
Fda 
values 
can 


be 
implemented. 
These 
limits 
are 
bound 
by 
finite 


amplifier 
gain-bandwidth 
and 
amplifier 
load 
drive 


capability 
(which limit the highest frequency 
Fdhighest 
as) 


as well as amplifier noise pickup and susceptibility 
to errors 


caused 
by stray capacitance 
(which sets a low-frequency 


limit on the poles). Refer to Figure 4 to be sure each Fda 
pair is within the "realizable" 
portion of the graph. 
If filter 


as are too high, reduce them by increasing 
the filter order 


(that is, increase 
the number 
of poles in the overall filter). 


High-frequency 
Fas (up to 400kHz) 
and high as outside 


of Figure 4's limits are also realizable, 
but Fa and a will 


deviate significantly 
from the ideal. 
Adjust resistor values 


by prototyping. 


To implement 
Fas less than 100Hz, see High-Value 
Resis- 


tor Transformation 
section. 


2, Calculate 
resistor 
values 
for 
each 
section 
(FoIQ 


pair), 
Calculate 
resistor 
values 
using graphs 
and equa- 


tions 
in steps 
A through 
D of this 
section. 
Begin 
by 


estimating 
required 
values according 
to the graphs; 
then 


use the given equations 
to derive a precise 
value. 


USABLE CENTER-FREQUENCY, 
Q RANGE 


50 


§: 30 


'"~ 
::; 
u: 
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Fo. a 
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Figure 4. 
Usable 
Fa, Q Range. 
See Translating 
FalQ Pairs into 


Hardware 
(Resistor 
Selection). 


Resistor values should not exceed 4Mn because 
parasitic 


capacitances 
shunting 
such high values cause excessive 


Fda 
errors. 
Values lower than 5kf.l for R2 and R3 are not 


recommended 
due 
to 
limited 
amplifier 
output 
drive 


capability. 
For 
cases 
where 
larger 
values 
are 
un- 


avoidable 
(as 
in low-frequency 
sections) 
refer 
to the 


High-Value 
Resistor 
Transformation 
section. 


The Frequency 
Control (FC) pin is connected 
to V+, GND, 


or V- and scales R3 and R1 to accomodate 
a wide range 


of gains 
and 
a 
values. 
Different 
FC settings 
may be 


chosen 
for each section. 
Refer to the FC Pin Connection 


section. 


The steps for calculating 
resistor values are given below. 


STEP A. 
CALCULATE 
R2. 


9 
R2= 
(2 x 10 ) 
Fa 


RESISTOR R2 ¥s. DESIRED CENTER FREQUENCY 


IlIA 


1M 


g 


&! 


100< 


Ill< 


100 
Ik 
Ill< 
100< :me 


DESIRED Fo (Hz) 


••• 
USE RESISTOR 'T -NETWORK' 
TO REDUCE VALUE 
(SEE HIGH-VALUE RESISTOR TRANSFORMA TlONSECTION) 


STEP B. CALCULATE 
R4. 


R4 = R2 - 5kf.l 


R4 may be less than 5kn because 
an internal series 5kn 


resistor limits BPO_ loading 
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STEP 
C. CALCULATE 
R3. 


R3 sets the 0 
for the section. 
R3 values 
are plotted 
assuming 
0 = 1; since R3 is proportional 
to 0, multiply 
the graph's 
value by the desired 
O. 


Given 0, three choices 
exist for R3, depending 
on the FC 
setting. 
Choose 
a setting 
that provides 
a reasonable 


resistor 
value 
(5kQ < R3 < 4MQ). 
R3 > 4MQ 
may be 
used 
if unavoidable 
- refer to the High-Value 
Resistor 
Transformation 
section for an explanation 
of resistor "Ts." 


RESISTOR R3 ¥s, CENTER FREQUENCY 


IlN 


111< 


Fo(Hz) 


••• 
USE RESISTOR 'T-NETWORK' 
TO REDUCE VALUE 


(SEE HIGH-VALUE RESISTOR TRANSFORMA TlONSECTlON) 


Scale R3 to desired 
0 


R3 = (0) (2X10 
9 


) X (RX) 


Fa 
RY 
i 
CONNECT 
RXIRY 
FCTO: 


v+ 
4/1 


GND 
1/5 
v- 
1/25 


STEP D. CALCULATE 
R1. 


R1 sets the gain. If individual 
section 
gains have not yet 


been calculated, 
refer to Cascaded 
Filter Gain Optimiza- 


tion, Ordering 
of Sections. 


R1 is inversely 
proportional 
to LP gain. 
R1 values 
for 
gains 
of 1 and 
10 are plotted; 
scale 
R1 according 
to 


desired 
gain. 


Lowpass 
Filters: 


The FC pin setting was chosen in Step C (or from previous 
section 
calculations). 


LPGAIN 
RESISTOR R1 ¥s, FREQUENCY 


IlN 


9: 


1M 


1C 


100< 


111< 


100 
lk 
111< 
100< 
DI< 


Fo(Hz) 


••• 
USE RESISTOR 'T-NETWORK' 
TO REOUCE VALUE 


(SEE HIGH-VALUE RESISTOR TRANSFORMA TION SECTION) 


R1 = 
(2) (10 
9 
) 
X (RX) 


(Fa) (HOLP) 
RY 
i 


CONNECT 
RXIRY 
FCTO: 
v+ 
4/1 


GND 
1/5 
v- 
1/25 


4th- and 8th-Order Continuous- Time 


Active Filters 


BPGAIN 
RESISTOR R1 ¥s, RESISTOR R3 


1M 
£ 
or: 


lOOk 


10k 


10k 
lOOk 
1M 
10M 


R3(Q) 


• •• 
USE RESISTOR 'T-NETWORK' 
TO REOUCE VALUE 


(SEE HIGH-VALUE RESISTOR TRANsFORMATIONSECTION) 


R1=~ 


HOBP 


where HOBP is the gain at BPO_ at Fo· 


3. Recalculate 
resistor values to compensate 
for filter 


amplifier 
bandwidth 
errors. Some of the TypicalOperat- 


ing Characteristics 
graphs 
show deviations 
in Fa and 0 


compared 
with expected 
values, due to gain rolloff of the 


internal amplifiers. 
If desired, 
correct 
these deviations 
by 
recalculating 
values R1- R4. 


4, 
Build 
a filter 
prototype. 
Build 
and 
test 
all filter 


designs! 
Refer to the Prototyping, 
PC-Board 
Layout sec- 


tion of this data sheet. 


For applications 
that require high accuracy 
(for example, 
those with filter sections 
containing 
Os greater than 10) or 


those that use a ground 
plane, 
a final prototype 
tuning 


procedure 
is recommended. 
Build a prototype 
filter; then 


adjust 
resistor 
values 
of each 
section 
until desired 
ac- 


curacy 
is achieved. 


High-Value 
Resistor Transformation 


High-value 
resistors 
(greater 
than 
4MQ) 
used 
in the 


MAX274/MAX275 
filter circuit introduce 
excessive 
Fa and 
o errors. 
To reduce 
the impedance 
of these 
feedback 


paths while maintaining 
equivalent 
feedback 
current, 
use 


the resistor "T" method 
shown in Figure 5. 


Fas less than 
100Hz can be realized 
using T-networks. 


T-networks 
provide 
the equivalent 
of large resistor values 


for R2, R3, and R4, necessary 
for low-frequency 
filters; 


however, 
T-networks 
reduce 
dynamic 
range by attenuat- 


ing the input signal 
level. 
Note that parasitic 
capacitan- 


ces 
across 
these 
high 
resistor 
values 
affect 
the 
filter 


response 
at high frequencies. 
For best results, 
build 
a 


prototype 
and check 
its performance 
thoroughly. 


Odd Number of Poles 


For lowpass 
designs 
containing 
an odd number of poles, 


add an RC lowpass 
filter after the final filter section. 
The 
value of RC should 
be: 


RC = 1/21tFo 


where 
Fa is the desired 
real pole frequency. 
If required, 


buffer the RC with an op amp. 


In many cases it may be advantageous 
to simply increase 


the filter order 
by 1, and implement 
it with an additional 


2nd-order 
section . 


FC Pin Connection 


Connect 
FC to GND for all applications, 
except 
where 


resistor 
values 
fall below 
5kQ (at high 
Fos, low Os). In 


these cases connect 
FC to V+. For low Fas and high Os, 


connect 
FC to V- to keep the value of R1 and R3 below 


4MQ. 


Fa and 0 errors are significantly 
higher when FC is con- 


nected 
to 
V+ 
or V- (see 
Typical 
Operating 
Charac- 


teristics). 
Adjusting 
resistor values compensates 
for these 


errors, 
since the errors are repeatable 
from part to part. 


Note that noise increases 
threefold 
when FC is connected 


toV+. 


Cascading 
Identical 
Sections 


for Simplest 
Bandpass 


If designing 
a bandpass 
filter where 
a single 
frequency 


(or a very narrow band of frequencies) 
must be passed, 


several 2nd-order 
sections 
with identical 
Fas and Os may 


be cascaded. 
The resulting 0 (selectivity) 
of the filter is a 


function 
of the individual 
sections' 
Os and the number 
of 


sections 
cascaded: 


0-_0- 
t-ff=T 


where 
Ot is the overall 
cascaded 
filter 0, 0 is the 0 of 


each individual 
section, 
and N is the number 
of sections. 
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A VOLTAGE DIVIDER CONSISTING OF RAANO RB DROPS THE VOLTAGE ACROSS 
RESISTORR'. PERMITIING A LOWER VALUE FOR R' WHILE MAINTAINING AN 
EQUIVALENT CURRENT INTO THE SUMMING NODE (I). 


T-NETWORK 
FEEDBACK 


ALLOWS 
REDUCED 
VALUE 
FOR R 


,--------- 


I 


LPO_I 


BPO_I 


I 


I 


RA 
I 
I 
I 


IN 
I 


ri 
LPC I 


I_I 


I 


I 
.MAXlM 


1_ 
MAX274 


I 
MAX275 
L 
_ 


REa=~ I 


LET ri <4Mn 


REa = R1 +* 
(RB+R/) 


LET eRA) (RB) = 10kn 
RA+RB 


SOLVE FOR RA AND RB 
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RIN 
RG 


R3 


BPO_ 
R4 


R1 
IN 
LPI_ 


SIGNAL 
~XIAII 
IN 
MAX274 
LPO 
MAX275 
- 


G(S)= fbI 
sl +mo 2 


sl + S(motl) + mo 2 


WH6lf 
mo = 2J<Fo 


Creating a Notch Output 


A notch (zero) can be created inthe filter response by summing 
the input signal with BPO_ using an extemal op amp (Figure 
6a). The notch will have the poles and Q characteristics of the 
2nd-<Jrder section, as well as a zero at the pole frequency 
(transferfunction given in Figure 6a). HOBP(BP gain at Fa)must 
be accurately set to unity so the input signal summed with BPO_ 
cancels precisely at the pole frequency. The notch's maximum 
attenuation is therefore a function of the accuracy of R1, R3, 
RIN, and RBP· 


A notch can be used to create a null within the passband 
of a lowpass 
filter 
to reject 
specific 
frequencies 
(see 


Applications 
section). 


-10 
~ 
:z 
-20 
«'-" 


-30 


-40 


RIN, RBP, R3 


1% TOL. 
-+ 
FNOTCH= 2kHz 
Q=5 


lk 


FREQUENCY (Hz) 


Cascaded Filter Gain 


Optimization, Ordering of Sections 


Gains across the individual 
sections 
in a filter may be set 


an infinite number 
of ways, as long as the total gain from 


filter input to output 
is correct. 
Often, 
gains 
cannot 
be 


equally 
divided 
among 
sections, 
since different 
Fas and 


Qs create gain peaks and valleys at different 
frequencies 


for each section. 


The goal in choosing 
gains is to prevent 
section 
outputs 


from swinging 
beyond 
the ±3.25V 
limit (using 
±5V sup- 


plies) while the full input signal 
is applied. 
On the other 


hand, 
if section 
gains 
are set too low and only a small 


proportion 
of output 
range 
is used, 
the noise factor 
in- 


creases. 
An optimal 
gain distribution 
between 
sections 


allows 
each 
section 
to swing 
as close 
to ±3.25V 
as 


possible 
in a wide range of frequencies. 


Check the unused 
output (BPO_ or LPO_), and the inter- 


nal HP node for overvoltage, 
since clipping 
at any node 


will cause 
distortion 
at the outputs. 
The HP node 
is not 


available 
for probing 
(Figure 
2); however, 
its gain 
may 


approach 
RX / R1, Low R1 values and connecting 
FC to 


V+ (which sets RX as high as 64kQ) may cause this node 
to clip. 


Maxim's 
Filter Design 
Software 
allows optimum 
gain by 


plotting 
output gains of each successive 
cascaded 
filter 


section, 
including 
the internal 
node. 
Gains 
may be ad- 


justed 
manually 
and 
sections 
reordered 
for the 
best 


overall dynamic 
range. 


To optimize 
gain without 
the help of software, 
begin 
by 


ordering 
the sections 
from lowest Q to highest 
Q. Divide 


gains 
equally 
between 
sections, 
setting 
each 
section 


gain to: 


HO = A(1/N) 


where 
A 
= overall filter gain 


HO = HOBP for bandpass 
designs 
(gain at Fa) 


HO = HOLP for lowpass 
designs 
(gain at DC) 


N 
= total number 
of sections 


This approach 
offers 
a good 
first-pass 
solution 
to clip- 


ping problems 
in the high Q sections 
by keeping 
gains 


low in the first (low Q) sections. 
The gains may then be 


adjusted 
in hardware 
to 
maximize 
overall 
dynamic 


range. 
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Figure 
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Suggested 
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Resistors 


Aside from accuracy, 
the most important criterion for resis- 


tor selection 
is parasitic 
capacitance 
across the resistor. 


Typical 
capacitance 
should 
be less than 1pF. Precision 


wire-wound 
resistors exhibit several picofarads, 
as well as 
unacceptable 
inductance 
- 
DO 
NOT 
USE 
THESE. 
Capacitance 
effectively 
reduces 
the 
resistance 
at high 


frequencies 
(especially 
when using high-value 
resistors), 
and causes phase shifts in feedback 
loops. Do not mount 


resistors in sockets. Socket capacitance 
appearing 
across 
resistors 
is often several 
picofarads, 
and will cause 
sig- 


nificant 
errors 
in Fa and O. Metal-film 
resistors 
minimize 


noise better than carbon types. 


Prototyping, 
PC-Board Layout 


For highest accuracy 
filters, build the filter prototype 
on a 


PC board with a layout as similar as possible 
to the final 
production 
circuit. 
If a ground 
plane 
will 
be 
used 
in 


production, 
build prototype 
filters on a copper 
board. 
Do 


not use push-in 
type breadboards 
for prototyping 
- pin- 
to-pin capacitance 
is too high. 
For faster prototyping, 
the 


MAX274 evaluation 
kit includes 
a PC-board 
circuit to test 


designs. 


Layout-sensitive 
errors, 
though 
repeatable 
from 
part to 


part, vary according 
to resistor placement, 
trace routing, 


and ground-plane 
layout. For highest 
accuracy, 
use the 
recommended 
layout 
provided 
in Figures 
7a and 
7b. 


Keep all traces, 
especially 
LPI_ and BPI_ , as short as 


possible. 
LPI_ 
and 
BPI_ are 
particularly 
sensitive 
to 


ground 
capacitance, 
and 
may cause 
errors 
in O. If a 


ground 
plane is used, tune the prototype 
filter by adjust- 


ing resistor 
values 
to cancel 
errors 
caused 
by ground 


capac itance. 


Prevent capacitive coupling between pins. Coupling between 
BPI_ and BPO_ can cause Fa errors; capacitance 
across 


resistors connecting 
IN and BPO_ (R3), BPI_ and LPO_ (R2), 
and BPO_ and LPL (R4) cause Fa and 0 errors. 
Minimize 


these errors with "tight' (shortest trace) layout practices. 


Measuring 
Fa and Q 


For 
multiple-order 
filters, 
measure 
each 
section 
in- 


dividually, 
before cascading, 
to verify correct 
Fa and O. 


For best results, measure BPO_ with a spectrum 
analyzer. 


Fa is the frequency 
at which the input and BPO_ are 180· 


out of phase. 
0 is the 
ratio of FpK to BPO_'s 
- 3dB 


bandwidth 
(Figure 2), where FpK is the frequency 
atwhich 
BPO_ gain is the greatest 
(which may not be equal to Fa). 


Filter Fa and Q Accuracy 


Fa sensitivity 
to external 
resistor 
tolerance 
is 1:1 - for 
example, 
use of 1% tolerant 
resistors for R2 and R4 adds 


±1% 
error 
to Fa (which 
should 
be added 
to the ±1% 


tolerance 
of the 
MAX274/MAX275, 
guaranteed 
over 
temperature). 
0 errors 
are of greater 
magnitude, 
since 


they are a function 
of the internal resistor divider 
(control- 


led by the FC pin) and also involve 
R3. Typical 0 error 


distributions 
are given in the Typical 
Operating 
Charac- 
teristics; 
additional 
0 errors 
associated 
with 
resistor 


tolerances 
are a function 
of R2, R3, and R4, and must be 


calculated 
according 
to the values used. 


DC Offset Removal 


Figures 
8a and 
8b show 
methods 
for 
removing 
the 


DC offset 
voltage 
at LPO_. 
The 
first 
method 
shows 


adjustable 
DC 
nulling 
signals 
injected 
into 
either 


BPI_ or the filter 
input. 
RTRIM must 
be adjusted 
until 


DC offset 
is nulled 
at the LPO_ (Figure 
8a). Figure 
8b 


shows 
a trim less 
solution 
for 
lowpass 
filters 
that 


removes 
DC offset 
by AC coupling 
the LPO_ output, 


while 
allowing 
a DC path through 
R from the input. 
At 


DC and 
low frequencies, 
the 
output 
is equal 
to the 


prefiltered 
signal 
input 
(across 
R); at higher 
frequen- 
cies, 
C conducts 
and the output 
equals 
the signal 
at 


LPO_. 
The 
external 
RC pole 
should 
be 
set at least 
one frequency 
decade 
lower than the overall 
filter 
Fa. 


A low offset 
amplifier 
can 
buffer 
the output 
signal, 
if 
desired. 
For bandpass 
filters, 
a simple 
buffered 
RC 


highpass 
filter 
at the output 
removes 
DC offset. 


Noise and Distortion 


Noise-spectral 
density 
is shown in the Typical Operating 


Characteristics. 
The 
noise 
frequency 
distribution 
is 


shaped 
by the filter gain and response 
(higher 0 section 
will have a proportionally 
higher 
noise peak around 
the 


pole frequency), 
as well as by amplifier 
1/f noise. With FC 


set to V+, noise is 3 times greater 
than if set to GND or 


V-; therefore, 
avoid 
this setting 
for noise-sensitive 
ap- 


plications. 
The noise 
density 
graphs 
from the 
Typical 


Operating 
Characteristics 
can be scaled 
to any gain or 
o for an accurate 
noise estimation. 


The MAX274/MAX275 
can drive 
5kn 
loads 
to typically 


within ±500mV 
of the supply 
rails with negligible 
distor- 
tion. The outputs 
can drive up to 100pF; however, 
filters 


with high Fas and Os will undergo 
some phase shift (1· at 


100kHz driving 
130pF, Fa = 100kHz, 0 = 10 section). 
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SIGNAL 
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5kHz TO 20kHz 
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BANDPASS FILTER 
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Fo = BANDPASS CENTERFREQUENCY 
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o 
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256 .. 256 


Q TRACKS WITH Fa TO MAINTAIN 
CONSTANT 500Hz BANDWIDTH 
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BPOB 
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PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX274AENG 
-40'C to +SS'C 
24 Narrow Plastic DIP 


MAX274BENG 
-40'C to +SS'C 
24 Narrow Plastic DIP 


MAX274AEWI 
-40'C to +85'C 
28 Wide SO 


MAX274BEWI 
-4Q'C to +SS'C 
28 Wide SO 


MAX274AMRG 
-55'C to + 125'C 
24 CERDIP" 


MAX274BMRG 
-55'C to + 125'C 
24CERDIP" 


MAX274EV KIT- 
O'Cto +70'C 
Plastic DIP - Through Hole 
DIP 


MAX274_S0FT 
- 
MAX274/MAX275 
Design Software 


MAX275ACPP 
O'C to +70'C 
20 Plastic DIP 


MAX275BCPP 
O'Cto +70'C 
20 Plastic DIP 


MAX275ACWP 
O'Cto +70'C 
20 Wide SO 


MAX275BCWP 
O'Cto +70'C 
20 Wide SO 


MAX275BC/D 
O'Cto +70'C 
Dice' 


MAX275AEPP 
-40'C to +SS'C 
20 Plastic DIP 


MAX275BEPP 
-40'C to +85'C 
20 Plastic DIP 


MAX275AEWP 
-40'C to +85'C 
20 Wide SO 


MAX275BEWP 
-40'C to +85'C 
20 Wide SO 


MAX275AMJP 
-55'C to + 125'C 
2OCERDIP" 


MAX275BMJP 
-55'C to + 125'C 
2OCERDIP" 


MAX274 SOFT 
- 
MAX274/MAX275 
Design Software 


, 
Contact 
factory 
for dice specifications. 


•• Contact 
factory 
for availability 
and processing 
to M/L-5TD-883. 
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Pin Configurations 
(continued) E 
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)i 
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~ 
LPIA 
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LPIC 
~ 
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US 
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N.C. 
0 
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::t 
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~ 
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N C. 
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Power Supplies 
The 
MAX274/MAX275 
can 
be operated 
from 
a single 


power supply 
or dual supplies 
(Figure 9). V+ and V- pins 


must be properly 
bypassed 
to GND with 4. 7~F electrolytic 


(tantalum 
preferred) 
and 
0.1 ~F ceramic 
capacitors 
in 


parallel. These should be as close as possible 
to the chip 


supply 
pins. 


For single-supply 
applications, 
GND must be centered 


between 
V+ and 
V- voltages 
so signals 
remain 
in the 


common-mode 
range of the internal amplifiers. 


SINGLE SUPPLY 


v+ 


.NIAXI.NI 


MAX274 
4.7k 


MAX275 


GND 


v- 


DUAL SUPPLY 


v+ 


.NIAXI.NI 


MAX274 
MAX275 


GND 


v- 


___ 
Software General Desciption 


Maxim's 
filter 
software 
reduces 
the 
time 
required 
to 


design 
a continuous-time 
lowpass 
or 
bandpass 
filter 


using the MAX274 
or MAX275. 
Starting 
from your basic 


filter requirements, 
using a "spreadsheet-style" 
format, the 


software 
calculates 
order, 
poles and Os of classic 
filter 


types 
(Butterworth, 
Chebyshev, 
or Bessel), 
and resistor 


values required 
to implement 
the desired 
filter response. 


For hardware 
prototyping 
with the MAX274, the MAX274 


evaluation 
kit is recommended, 
which 
includes 
a PC 


board 
and a MAX274 
IC. 


____________ 
Features 


• 
Calculates 
filter order, poles, and Qs from your 


filter requirements. 


• 
Plots filter responses - gain, phase, and group 
delay - for inspection 
BEFORE you build the filter. 


• 
Calculates 
resistor values used to obtain desired 
filter response 
using the MAX274 
or MAX275. 


______ 
Ordering Information 


PART 
DISK TYPE 


MAX274S0FT 
5WFIoppy 


MAX275S0FT 
5114"Floppy 


In the USA and Canada, order directly from Maxim (1-800-998-8800). 
In other countries, 
call your local Maxim representative. 


_______ 
Software Operation 


NOTE: 
CHECK 
FILE "README.DOC" 
FOR IMPOR- 


TANT CHANGES. 
Installation 
You will need an IBM-compatible 
PC, DOS version 
2.0 or 


later with a 5 %' floppy disk drive, and one of the following 
video 
displays: 
Hercules 
graphics, 
CGA, EGA, VGA, or 


compatible. 
Either a hard drive 
or an additional 
floppy 


drive is also required. 


To install the program, 
insert the floppy into your disk drive 


and type "A: INSTALL' (or B:INSTALL). 
Follow the instruc- 
tions 
on the screen. 
After 
installation, 
type 
'FILTER" 
to 


start the program. 
Be sure you are in the drive/directory 


where the software 
is installed. 
Help 
After installing 
the software, 
print a hard copy of the file 


FILTER.HLP by entering 
"TYPE FILTERHLP 
> PRN' from 


DOS. This collection 
of help screens 
serves 
as the in- 


struction 
manual 
for operating 
the software. 
Individual 
help screens 
may be printed 
while running 
the software 


by pressing 
F1, then 
following 
the 
instructions 
on the 


screen. 
___________ 
References 


The following 
references 
contain 
information 
and tables 


to aid in filter designs: 


Carson, 
Chen. Active 
Filter Design, 
Hayden, 
1982. 


Tedeschi, 
Franck. Active 
Filter Cookbook, 
Tab Books No 


1133,1979. 


Hilburn, Johnson. 
Manual of Active Filter Design, McGraw 


Hill,1973. 


German 
Language: 


U. 
Tietze; 
Ch. 
Schenk. 
Halbleiter-Schaltungstecknik 


Springer-Verlag, 
Berlin Heidelberg, 
New YorkITokyo 
1991. 
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___ 
EV Kit Genera' Description 


The MAX274 
Evaluation 
Kit (EV Kit) shrinks 
the time 


required 
to design 
and implement 
a continuous-time 


lowpass 
or bandpass 
filter 
by providing 
a software 


design tool and a prototyping 
PC board complete 
with 


a MAX274 8th-order, 
continuous-time 
filter IC. Starting 


from 
your 
basic 
filter 
requirements, 
Maxim's 
Filter 


Design Software 
calculates 
filter order, poles, and Os 


of 
classic 
filter 
types 
(Butterworth, 
Chebyshev, 
or 


Bessel), 
then 
calculates 
resistor 
values 
required 
to 


implement 
the complete 
filter. 
Installing 
these 
resis- 


tors 
on the 
PC board 
provided 
and 
cascading 
the 


required 
number 
of sections 
of the 
MAX274 
filter 


yields a complete 
filter - 
ready for testing - 
eliminat- 


ing 
the 
need 
for 
expensive 
and 
time-consuming 


prototyping. 
The MAX274 
PC board 
layout 
may be 


incorporated 
directly 
in production 
PC boards 
for 


absolutely 
consistent 
results 
from 
prototype 
to 


production. 


____________ 
Feature 


• 
Allows You to Design and Build Lowpass 
or 


Bandpass 
Filters 


• 
Pole Frequencies 
(Fo) from 100Hz to 150kHz 


• 
Kit Support.s Bu"erworth, 
Chebyshev, 
and 


Bessel Designs 


• 
Includes 
Design Software: 


- Calculates 
filter order, poles, and Qs from 


your filter requirements 


- Plots filter responses 
- 
gain, phase, and 


group delay - 
for inspection 
BEFORE 
you 


build the filter 


- Calculates 
resistor values needed to build filter 


• 
Includes 
PC Board for Evaluation: 


- PC board allows you to build filters 


immediately 
- 
simply install proper resistor 


values on board 


- Build up to 8th-order 
filters by cascading 
the 


four second-order 
sections 
- 
or use sections 


individually 
for multiple filters 


- Operates from single +5V or dual 5V supplies 


PART 
TEMP. RANGE 
BOARD TYPE 


MAX274EVKIT 
O'C to +70'C 
Plastic DIP - Through 
Hole 


COMPONENT 
SYMBOL 


MAX274ACNG 
Filter IC 
None 


MAX274 
Filter Circuit 
PC Board 
None 


BNC Screw-In 
Connectors 
None 


Banana Jacks 
None 


Standoffs, 
4-40 Screws 
None 


1<4LF/16V Dipped 
Tantalum 
C1,C40r 


Capacitors 
CS1 


0.1~F Ceramic 
Capacitors 
C2,C3 


Filter Design 
Software 
None 
on 5 1/4' Floppy 
Disk 
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Filter Design Software 
------- 
NOTE: 
CHECK 
FILE "README.DOC" 
FOR IMPORTANT 
CHANGES 


Installation 


You will need an IBM-compatible 
PC, DOS version 2.0 or 
later, 
with 
a 5 1/4' floppy 
disk 
drive, 
and 
one 
of the 
following 
video displays: 
Hercules 
graphics, 
CGA, EGA, 
VGA or compatible. 
Either a hard drive or an additional 
floppy 
drive is also required. 


To install the program, 
insert the floppy into your disk drive 
and type 
'A:INSTALL" 
(or "B:INSTALL'). 
Follow the in- 
structions 
on the screen. 
After installation, 
type 'FILTER' 


to start the program. 
Be sure you are in the drive/direc- 


tory where the software 
is installed. 


Help 


After installing 
the software, 
print a hard copy 
of the file 
FILTER.HLP by entering 
TYPE FILTER.HLP 
> PRN from 
DOS. 
This 
collection 
of 
help 
screens 
serves 
as the 
instruction 
manual for operating 
the software. 
Individual 


help screens 
may be printed 
while running 
the software 
by pressing 
F1, then following 
instructions 
on the screen. 


_____ 
Assembly Instructions 


1. 
Install BNC connectors 
and banana 
jacks 
as shown 


in Figure 2. Connect 
wires from the V+, GND, and V- 


jacks to the nodes 
designated 
V+, GND, and V- on 
the circuit. 
Install MAX274 
IC as shown (or install an 


IC socket 
if desired). 


2. 
Install filter feedback 
resistors 
(R1A-R4A, 
R1 B-R4B, 


R1C-R4C, 
R1D-R4D). 
The values 
of these 
resistors 


depend 
on the particular 
filter being built, and can be 
calculated 
from 
the 
data 
sheet 
or with 
the 
aid of 
Maxim's 
Filter Design 
Software. 
All resistors 
except 


RS1 and RS2 should 
be either carbon 
or metal-film 
type (not wire-wound). 


If using 
resistor 
T-networks 
(described 
in the High- 


Value Resistor Transformation 
section of the MAX274 


data 
sheet 
- 
denoted 
as R5_ - R10_ in the filter 
software), 
perform 
the following: 


On the PC board, 
scratch 
off the green 
soldermask 


from the ground 
trace 
(Figure 
2). Where 
required, 
substitute 
each normal 
resistor 
connection 
(R2, R3, 


or R4) with three T-network 
resistors on the underside 
of the board, using jumper wire to connect 
the T-net- 
work ground connection 
with the ground trace on the 


PC board (Figure 3). 


4th- and 8th-Order Continuous- Time 


Active Filters 


Figure 3. 
T-Network 
PC Board 
Connections 


Recommended 
Resistor Sources 


AVAILABLE 
TYPE 
MANUFACTURER 
TOLERANCES 


1%,0.1%, 
Metal Film 
Dale 
Others 
PTF Series 
402-371-0800 


5-100ppm1'C 
FAX: 402-644-4206 


Surface 
Mount 
KOASpeer 


1%,0.1% 
RN73H2B 
814-362-5536 


RN73E2B 
FAX: 814-362-8883 


1%,0.1%to 
Precision 
Resistive 
Products 


2ppml'C 
PR, RL Series 
319-394-9131 
FAX: 319-394-9280 


3. 
BE SURE 
IC IS INSTALLED 
ON 
BOARD 
BEFORE 
POWER IS APPLIED. 
Single +5V or + 1OV operation: 
Install RS1 and RS2 (both 4.7kQ). 
Install C1, C2, and 
CS1 - omit C3 and C4. Apply 
positive 
supply 
to V+, 
supply 
ground 
to V-. Do not connect 
any supply 
to 
GND. For dual supply 
(5V) operation, 
omit RS1 and 
RS2, and apply positive supply, 
negative 
supply, 
and 
ground 
to V+, V-, and GND respectively. 


4. 
Perform a frequency-response 
test for each filter sec- 


tion 
used 
(A,B,C, 
8Jld D) to verify 
Fda 
accuracy, 


before 
connecting 
them 
in series 
(cascading). 
For 
highest-accuracy 
results, 
perform 
frequency- 
response 
tests using 
a spectrum 
analyzer. 
Use the 
Fo and a measurement 
techniques 
described 
in the 
MAX274 
data sheet in the Measuring 
Fo and Q sec- 
tion. 
These 
methods 
apply 
to both 
lowpass 
and 
bandpass 
designs. 


VIEW FROM BOARD 


UNDERSIDE 
(TRACE SIDE) 


To measure filter section A's Fo and a, apply the test 
sweep 
signal 
at INA, measure 
BPOA. Fo is the fre- 
quency 
at which 
INA and BPOA are exactly 
1.80' out 


of phase. 
a is determined 
by the formula: 


a = FPK/-3dB 
bandwidth 


where FPK is the frequency 
at which the gain at BPOA 


is greatest 
(this may not be equal to Fo); and the -3dB 
bandwidth 
is the difference 
between the two frequen- 


cies at which 
BPOA 
is attenuated 
by 3dB from 
its 


peak 
gain. 
Repeat 
these 
measurements 
for filter 


sections 
B, C, and D. 
For more information, 
refer to 


Figure 2 of the MAX274 
data sheet, 
Bandpass 
Out- 
put. 


If the filter operates 
from 
a single 
supply, 
signals 


applied 
to the filters must be 'centered" 
between 
V+ 
and V- so that signals 
remain 
in the common-mode 


range of the internal amplifiers. 


5. 
Cascade 
the filter sections 
(connect 
them in series) 


to produce 
the desired 
filter response. 
For example, 


for an 8th-order 
bandpass 
filter, use jumper 
wires to 


connect 
BPOA to INB, BPOB to INC, and BPOC to 


IND. Apply the signal input at INA; the filter output 
is 


taken 
at OUTDo If desired, 
connect 
the INPUT and 


OUTPUT BNC connectors 
to the input and output 
of 


the cascaded 
filter using jumper 
wires. For lowpass 


filters, cascade 
the sections 
using LPO_ as the out- 


puts. For lower-order 
filters, omit unused sections; 
for 
higher than 8th-order 
filters, order additional 
MAX274 


PC boards 
from Maxim to add the required 
number 


of sections. 


_______ 
General Description 


The MAX291/292/295/296 
are easy-to-use, 
8th-order, 
low- 


pass, switched-capacitor 
filters that can be set up with corner 


frequencies 
from 01Hz 
to 25kHz 
(MAX291/MAX292) 
or 


0.1Hz to 50kHz (MAX295/MAX296). 


The MAX291/MAX295 
Butterworth 
filters 
provide 
maxi- 


mally flat passband 
response, 
and the MAX292/MAX296 
Bessel filters provide 
low overshoot 
and fast settling. 
All 
four filters 
have fixed 
responses, 
so the design 
task is 


limited to selecting 
the clock frequency 
that controls 
the 


filter's corner frequency. 


An external 
capacitor 
is used to generate 
a clock 
using 


the internal oscillator, 
or an external 
clock signal can be 


used. 
An uncommitted 
operational 
amplifier 
(noninvert- 


ing input grounded) 
is provided 
for building 
a continuous- 


time lowpass 
filter for post-filtering 
or anti-aliasing. 


Produced 
in 8-pin DIP and SO packages, 
and requiring 


a minimum 
of external 
components, 
the MAX291 
series 
delivers 
very aggressive 
performance 
from a tiny area. 


ADC Anti-Aliasing 
Filter 


Noise Analysis 


DAC Post-Filtering 


50Hz/60Hz 
Line-Noise 
Filtering 


OUT 


.;MAX........ 
OP OUT 


MAX29_ 


~I"I ~J X I~I"I 


8th-Order, Lowpass, 


Switched-Capacitor 
Filters 


• 
8th-Order 
Lowpass 
Filters: 
Butterworth 
(MAX291/MAX295) 
Bessel 
(MAX292/MAX296) 


• 
Clock-Tunable 
Corner-Frequency 
Range: 


0.1Hz to 25kHz (MAX291/MAX292) 
0.1 Hz to 50kHz (MAX295/MAX296) 


• 
No External 
Resistors 
or Capacitors 
Required 


• 
Internal 
or External 
Clock 


• 
Clock to Corner 
Frequency 
Ratio: 


100:1 (MAX291/MAX292) 


50:1 (MAX295/MAX296) 


• 
Low Noise: 
-70dB THO + Noise (Typ) 


• 
Operate 
with a Single +5V Supply 
or 


Dual ±5V Supplies 


• 
Uncommitted 
Op Amp for Anti-Aliasing 
or 


Clock-Noise 
Filtering 


• 
8·Pin DIP and SO Packages 
______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX291CPA 
O'C to+70'C 
8 Plastic 
DIP 


MAX291CSA 
O'C to +70'C 
8S0' 


MAX291CWE 
O'C to +70'C 
16WideSO 


MAX291C/D 
O'C to +70'C 
Dice" 


MAX291EPA 
-40'C 
to +85'C 
8 Plastic 
DIP 


MAX291ESA 
-40'C 
to +85'C 
8 SO' 


MAX291 EWE 
-40'C 
to +85'C 
16WideSO 


MAX291MJA 
-55'C 
to + 125'C 
8 CERDIP'" 


MAX292CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX292CSA 
O'C to +70'C 
8S0' 


MAX292CWE 
O'C to +70'C 
16WideSO 


MAX292C/D 
O'C to +70'C 
Dice" 


Ordering 
Information 
continued 
on last page . 


• Contact 
factory for availability. 


•• Contact 
factory for dice specifications 
. 
••• Contact 
factory for availability 
and processing 
to MIL-STD-883. 


_______ 
Pin Configurations 


•••", •••• J x ...."'. 
Maxim Integrated 
Products 


/". 
/J X I /". 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


8th-Order, Lowpass, 
Switched-Capacitor Filters 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(v+ to V-) 


Input Voltage 
at Any Pin. 
Continuous 
Power Dissipation 


8-Pin Plastic 
DIP (derate 9.09mWrC 
above 
+70·C). 
727mW 


8-Pin SO (derate 588mWrC 
above 
+70'C) 
. 
471mW 
16-Pin Wide SO (derate 9.52mWrC 
above 
+70'C) 
762mW 
8-Pin CERDIP (derate 8.00mWrc 
above 
+70'C) 
..... 
640mW 


Operating 
Temperature 
Ranges: 


MAX29_C_ 
. . . . . . . . . . . . . . . . . . . . . 
. O'C to +70'C 


MAX29_E_ 
-40'C 
to +85'C 
MAX29_MJA 
-55'C 
to +125'C 


Storage 
Temperature 
Range 
-65'C 
to + 160'C 


Lead Temperature 
(soldering, 
10 see) . 
+300'C 


... 
12V 


V- + (-0.3V)':; 
VIN':; V+ +(O.3V) 


Stresses 
beyond 
those 
listed 
under 
'Absolule 
Maximum 
Ratings' 
may cause permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V, v- = -5V, filter output 
measured 
at OUT pin, 20kQ load resistor 
to ground 
at OUT and OP OUT, fCLK = 100kHz 


(MAX291/MAX292) 
or fCLK = 50kHz (MAX295/MAX296), 
TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
I 
UNITS 


FILTER 
CHARACTERISTICS 


Corner-Frequency 
Range 
MAX291/MAX292 
0.1-25k 
Hz 
MAX295/MAX296 
0.1-50k 


Clock 
to Corner 
MAX291/MAX292 
100:1 
Frequency 
Ratio 
MAX295/MAX296 
50:1 


MAX291 
10 


Clock to Corner 
MAX292 
40 
ppmrc 
Frequency 
Tempco 
MAX295 
5 


MAX296 
60 


fiN = 0.50 Fa 
-0.02 
-0.1 


MAX291 
fiN = 1.00 Fa 
-2.2 
-2.7 
-3.2 


fiN = 2.00 Fa 
-43.0 
-48.0 


fiN = 3.00 Fa 
-70.0 
-76.0 


fiN = 0.25 Fa 
-0.1 
-0.2 
-0.3 


fiN = 0.50 Fa 
-0.6 
-0.8 
-1.0 


MAX292 
fiN = 1.00 Fa 
-2.7 
-30 
-3.3 


fiN = 2.00 Fa 
-11.0 
-13.0 
-15.0 


Insertion 
Gain Relative to 
fiN = 3.00 Fa 
-300 
-34.0 
DC Gain 
fiN = 4.00 Fa 
-47.0 
-51.0 


dB 


fiN = 6.00 Fa 
-74.0 
-78.0 


fiN = 050 
Fa 
-0.02 
-0.1 


MAX295 
fiN = 1.00 Fa 
-2.2 
-27 
-32 


fiN = 2.00 Fa 
-43.0 
-48.0 


fiN = 3.00 Fa 
-70.0 
-760 


fiN = 0.25 Fa 
-0.1 
-0.2 
-03 


fiN = 0.50 Fa 
-0.6 
-0.8 
-1.0 


MAX296 
fiN = 1.00 Fa 
-2.7 
-3.0 
-3.3 


fiN = 2.00 Fa 
-11.0 
-13.0 
-15.0 


fiN = 3.00 Fa 
-30.0 
-34.0 


fiN = 4.00 Fa 
-47.0 
-51.0 


fiN = 6.00 Fa 
-74.0 
-780 


8th-Order, Lowpass, 


Switched-Capacitor Filters 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 5V, v- = -5V, filter output 
measured 
at OUT pin, 20kQ load resistor 
to ground 
at OUT and OP OUT, fCLK = 100kHz 
(MAX291/MAX292) 
or fCLK = 50kHz (MAX295/MAX296), 
TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
DC Swina 
±4 
V 


Output 
Offset Voltaae 
IN = GND 
±150 
±400 
mV 


DC Inser~on Gain Error with 
0.15 
0 
-015 
dB 
Output Offset Removed 


Total Harmonic 
Distortion 
TA = +25"C, 
fCLK = 100kHz 
-70 
dB 
plus Noise 


Clock 
Feedthrough 
fCLK = 100kHz 
6 
mVp-p 


CLOCK 


Internal Oscillator 
Casc 
= 1000pF 
29 
35 
43 
kHz 
Frequency 


Internal 
Oscillator 
VCLK = OV or 5V 
±70 
±120 
!JA 
Current 
Source/Sink 


Clock 
Input (Note 1) 
4.0 
Hiah 
V 


Low 
1.0 


UNCOMMITIED 
OP AMP 


Input Offset Voltaqe 
I 
±10 
±50 
mV 


Output 
DC Swing 
I 
±4 
V 


POWER 
REQUIREMENTS 


Supply 
Voltage 
, 


Dual Supply 
±2.375 
±5500 
V 


SinQle Supply 
V- = OV, GND = V+/2 
4.750 
11.000 


Supply 
Current 
V+ = 5V, V- = ·5V, VCLK = OV to 5V 
15 
22 
mA 


V+ = 2.375V, V- = -2.375V, VCLK = -2V to 2V 
7 
12 


Typical Operating Characteristics 


(V+ = 5V, v- = -5V, TA = +25"C, 
fCLK = 100kHz (MAX291/MAX292) 
or fCLK = 50kHz (MAX295/MAX296), 
unless otherwise 
noted.) 


INTERNAl 
OSCILLATOR PERIOD ¥s. 
CAPACITANCE 
VAlUE 
NORMAlIZED 
INTERNAl 
OSCILLATOR 
FREQUENCY ¥s. SUPPlY 
VOLTAGE 
NORMAliZED 
INTERNAL OSCILLATOR 


FREQUENCY 
¥s. TEMPERATURE 


500 


450 


400 


~ 
350 
00 
300 
a;g: 
250 
'"0 
~ 
200 
u 
150 
'" 
0 


100 


50 


0 


/ 
/ 
/ 
/ 
/ 


/ 
/ 


1nF EXTERNAL 
CAPACITOR ON ClK 


-r-- ""..- '" 
'" "- -- 


>-u 
1E 
1.06 
:::> 
~ 103 
gs 
~ 
U 1.00 
'" 
0 
~ 097 
;;; 
::;; 
'"0z 
0.94 


1nF 'EXT~RNAl dPAtITO~ 
ON ClK 


\. 


'" 


"- 
••....•• 


•...•.•.• 


r--. 


>-u 
1E 1.030 
:::> 
~ 
gs 1.020 
~u 
~ 
1.010 
~ 
::::;« 
~ 
1000 


~ 
0.990 


o 
2 
4 
6 
8 
10 
12 
14 
16 
18 


CAPACITANCE (nF) 


20 
2.5 
3.0 
3.5 
4.0 
4.5 
50 
5.5 


SUPPLY YOlTAGE (VI 


-60 -40 -20 
0 
20 
40 
60 
80 100 120 140 


TEMPERATURE eC) 


8th-Order, Lowpass, 
Switched-Capacitor 
Filters 


____________ 
Typical Operating Characteristics 
(continued} 


(V+ = 5V, v- = -5V, TA = +25"C, 
fClK = 100kHz (MAX291/MAX292) 
or fClK = 50kHz (MAX295/MAX296), 
unless otherwise 
noted.) 


MAX291/MAX295 
FREQUENCY 
RESPONSE 


-0.1 


-0.2 


-0.3 


coos 
-0.4 
:z 
<i' 
'" 
-0.5 


-0.6 


-0.7 


Fo: 1kHz 
~ 
'\ 


MAX 
291 
,/ 


~ 
MAX295 
- 
I 
I 
I 
I 


20 


-20 


-40 


coos 
-60 
:z 
<i' 
'" 
-80 


-100 


-120 


MAX291/MAX295 
FREQUENCY 
RESPONSE 


Fo: 1kHz 


1\ 


r'-.. 


.•.••• 
MAX291 
N'i. 


ML~ 


I 
I 


2 
3 
4 


INPUTFREQUENCY(kHz) 


MAX291/MAX295 
FREQUENCY 
RESPONSE 


-10 


-20 


-30 


co= 
-40 
:z 
<i' 
'" 
-50 


-60 


-70 


I'\c 
'Fo: 1kHz 


\. 


'"~ I'\c 


MAX291/MAX295 " 


MAX292/MAX296 
FREQUENCY 


RESPONSE 


20 
Fo= 1kHz 


-20 


-40 


co= 
-60 
:z 
<i' 
'" 
-60 


-100 


-120 


2 
4 
6 
8 
10 


INPUTFREQUENCY(kHz) 


MAX292/MAX296 
FREQUENCY 


RESPONSE 


-2 


-4 


-6 


co= 
-8 
:z 
<i' 
'" 
-10 


-12 


-14 


~ 
Fo: 1kHz 


Mb1s 
I' 
- 


~AX292 
'" ~ 
\., 
\ 


200 
400 
600 
800 
1k 


INPUTFREQUENCY(Hz) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 


16 


15 
l 
14 


_ 
13 


'"';' 
12 


~ 
11 
§ 
10 
u 


~ 
9 


Vl 
8 


7 


6 
2.0 


100kH; EXTER'NALC~OCK 11 
/ 
/ 
/ 
V 


,/ 


.,// 


.••. 


2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 


SUPPLYVOLTAGE,VtORIV-1 


lbokHi Ex-iERNlL C~OCK' 
It OR11-1 
- 


\ 


.•..•... 


....•... 


i'-. 


•..•.... I------ 


400 
800 
1.2k 
1.6k 


INPUTFREQUENCY(Hz) 


"'- 


'Fo: \kHZ' 


'" \. 


1\ 
" 


MAX291 


~ 


••....• 


jAX2 


1 
95 
- 


400 
800 
1.2k 
1.6k 


INPUTFREQUENCY(Hz) 


~ 
.§. 
14 
>- 
~§ 
13 
u 
>- 
it 
12 
::0 
<f> 


10 
~4~ 
0 
m 
40 
60 
60 
100 1m 
140 


TEMPERATUREeC) 


-160 
I -240 
~t:: 
-320 
I 
<f> 
~ 
-400 


fi: 
-480 


400 
800 
1.2k 
1.6k 
2k 


INPUTFREQUENCY(Hz) 


"- 
'Fo: 1kHz 


.•..•r--.. 


""- 


"- 


"- 


~ 
'" 


i -150 
e. 
t;:: 
-200 
I 
<f> 


UJ 
-250 


~ 
-350 


-560 


400 
800 
12k 
1.6k 
2k 


INPUTFREQUENCY(Hz) 


.••.Vl .••.J X 1.••.v. 


Bth-Order, Lowpass, 


Switched-Capacitor 
Filters 


_________________ 
Typica' Operating Characteristics 


(V+ = SV, v- = -sv, RLOAD = SkO, TA = +2S"C, unless otherwise 
noted.) 


MAX291 
THO + IOISE 
VI. 
IlPUT 
SIllUL 
AMPlITUDE 
MAX292 
THO + NOISE VI. 


INPUT SIGNAL AMPlITUDE 


-40 


-45 


-50 


~ 
-55 
~ 
C5 
-60 
z 
+ 
Cl 
-65 
:I: 
•.... 


-70 


-75 


-40 


-45 


-so 


~ 
-55 
~ 
C5 
-60 
z 
+ 
Cl 
-65 


"" 
-70 


-75 


\. 
B 
'" 
"- 


AI 


- 
A 
.-J 


'" 
-'" 
""- 
-- "- i 
-80 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


AMPLITUDE (Vp-p) 


-80 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


AMPLITUDE (Vp-p) 


MAX295 
THO + NOISE VI. 
IIIPIIT SIGIW. 
AMPlITUDE 
MAX296 
THO + NOISE VI. 


INPUT SIGUL 
AMPLITUDE 


-40 


-45 


-SO 


~ 
-55 
~ 
C5 
-llO 
z 
+ 
Cl 
-65 


"" 
-70 


-75 


-40 


-45 


-SO 


~ 
-55 
~ 
'" 
C5 
-60 
z 
+ 
Cl 
-65 


"" 
-70 


-75 


D 


~ 
'\, 


"- ........ 


C ) 


D 


~ 
--) 
,,~ 
/' 
_/ 
....•..~ 
C/' 
-80 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


AMPLITUDE (Vp-p) 


-80 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


AMPlITUDE 
(Vp-p) 


LABEL 
fCLK 
(Hz) 
Fo(kHz) 
INPUT 
MEASUREMENT 
FREQUENCY 
(Hz) 
BANDWIDTH 
(kHz) 


A 
200k 
2 
200 
30 
B 
1M 
10 
1k 
80 


C 
200k 
4 
400 
30 
0 
1M 
20 
2k 
80 


8th-Order, Lowpass, 
Switched-Capacitor 
Filters 


co 
Pin Description 
G) 
------ 


~1ft 
P.J 


~ 


~,.. 


~)(i 


a-PIN 
16-PIN 
NAME 
FUNCTION 


1,2,7, 
8,9, 
N.C. 
No Connect 
10,15, 


16 


1 
3 
ClK 
Clock 
Input. 
Use internal 
or 
external 
clock. 


Negative 
Supply 
pin. 
Dual 
2 
4 
V- 
supplies: 
-2.375V 
to -5.500V. 


Single supplies: 
V- = Ov. 


3 
5 
OPOUT 
Uncommitted 
Op-Amp 
Output 


Inverting 
Input to the uncommitted 


4 
6 
OPIN- 
op amp. 
The noninverting 
op amp 


is internally 
tied to ground. 


5 
11 
OUT 
Filter Output 


Ground. 
In single-supply 
opera- 
6 
12 
GND 
tion, GND must be biased 
to the 
mid-supply 
voltage 
level. 


Positive 
Supply 
pin. 
Dual supplies: 


7 
13 
V+ 
+2.375V 
to +5.500V. 
Single 
supplies: 
+4.75V 
to + 11.0V. 


8 
14 
IN 
Filter Input 
______ 
Detailed Description 


Lowpass 
Butterworth 
filters 
such 
as 
the 


MAX291/MAX295 
provide 
maximally 
flat 
passband 
response, 
making them ideal for instrumentation 
applica- 


tions that require 
minimum 
deviation 
from the DC gain 


throughout 
the passband. 


Lowpass Bessel filters such as the MAX292/MAX296 
delay 
all frequency 
components 
equally, preserving the shape of 


step inputs, subject to the attenuation of the higher frequen- 
cies. They also settle faster than Butterworth filters. Faster 
settling can be important 
in applications 
that use a multi- 


plexer (mux) to select one signal to be sent to an analog- 
to-digital 
converter 
(ADC) - 
an anti-aliasing 
filter placed 
between the mux and the ADC must settle quickly after a 
new channel 
is selected 
by the mux. 


The difference 
in the filters' responses 
can be observed 


when a 3kHz 
square 
wave 
is applied 
to the filter input 


(Figure 
1, trace A). 
With the filter cutoff frequencies 
set 


at 10kHz, trace 
C shows 
the MAX291/MAX295 
Butter- 


worth 
filter 
response 
and 
trace 
B 
shows 
the 
MAX292/MAX296 
Bessel 
filter 
response. 
Since 
the 
MAX292/MAX296 
have a linear 
phase 
response 
in the 


passband, 
all frequency 
components 
are delayed 
equal- 


ly, which preserves 
the square wave. The filters attenuate 
higher 
frequencies 
of the input square 
wave giving 
rise 


to 
the 
rounded 
edges 
at 
the 
output. 
The 


MAX291 /MAX295 delay dif ferent frequency 
components 


by varying 
times, 
causing 
the 
overshoot 
and 
ringing 


shown in trace C. 


TIME (200/ls/div) 


A: 
3kHz INPUT SIGNAL 


B: 
MAX292 BESSEL FILTER RESPONSE WITH Fo = 10kHz 


c: 
MAX291 BUTIERWORTH FILTER RESPONSE WITH 
Fo=10kHz 


Figure 
1. Bessel 
vs. Butterworth 
Filter Responses 


The MAX291/MAX295 
give more attenuation 
outside 
the 


passband. 
The phase and frequency 
response 
curves in 


the Typical Operating 
Characteristics 
reveal the differen- 
ces between 
the two types of filters. 


Corner Frequency and Filter Attenuation 


The 
MAX291/MAX292 
operate 
with 
a 1001 
clock 
to 


corner 
frequency 
ratio and 
a 25kHz 
maximum 
corner 


frequency, 
where 
corner 
frequency 
is defined 
as the 


point where the filter output 
is 3dB below the filter's 
DC 


gain. 
The MAX295/MAX296 
operate 
with a 50:1 clockto 


corner 
frequency 
ratio with a 50kHz 
maximum 
corner 
frequency. 
The 8 poles provide 
48dB of attenuation 
per 


octave. 


Background information 


Most 
switched-capacitor 
filters 
are 
designed 
with 
bi- 
quadratic 
sections. 
Each section 
implements 
two filter- 


ing poles, and the sections 
can be cascaded 
to produce 


higher-order 
filters 
The advantage 
to this approach 
is 


ease of design. 
However, this type of design can display 


poor sensitivity 
if any section's 
Q is high. 


An alternative 
approach 
is to emulate 
a passive 
network 


using switched-capacitor 
integrators 
with summing 
and 
scaling. 
The passive 
network can be synthesized 
using 


CAD 
programs, 
or can be found 
in many 
filter 
books. 


Figure 2 shows the basic ladder filter structure. 


A switched-capacitor 
filter that emulates a passive ladder 


filter retains 
many of its advantages. 
The filter's 
com- 
ponent 
sensitivity 
is low when compared 
to a cascaded 


biquad 
design 
because 
each 
component 
affects 
the 


entire 
filter 
shape, 
not just 
one 
pole 
pair. 
That 
is, a 


mismatched 
component 
in a biquad 
design 
will have a 


concentrated 
error 
on 
its respective 
poles, 
while 
the 


same mismatch 
in a ladder 
filter design 
will spread 
its 


error over all poles. 


Clock-Signal 
Requirements 


The 
MAX291/292/295/296 
maximum 
recommended 


clock frequency 
is 2.5MHz, 
producing 
a cutoff frequency 


of 25kHz 
for the 
MAX291/MAX292 
and 
50kHz 
for the 
MAX295/MAX296 
The ClK 
pin can 
be driven 
by an 


external clock or by the internal oscillator 
with an external 


capacitor. 
For external 
clock 
applications, 
the 
clock 


circuitry 
has been designed 
to interface 
with +5V CMOS 


logic. 
Drive the ClK 
pin with a CMOS gate powered 
from 


OVand +5V when using either a single +5V supply or dual 
±5V supplies. 
Varying 
the rate of an external 
clock 
will 
dynamically 
adjust the corner frequency 
of the filter. 


When using the internal oscillator, the capacitance 
(Case) 


on the ClK 
pin determines 
the oscillator frequency: 


105 
fase 
(kHz) z 3C 
F) 
ose (p 


The stray capacitance 
at ClK 
should 
be minimized 
be- 


cause it will affect the internal oscillator 
frequency. 


_____ 
Application Information 


Power Supplies 


The MAX291/292/295/296 
operate 
from 
either 
dual 
or 


single power supplies. 
The dual-supply 
voltage 
range is 
±2.375V 
to ±5.500V. 
When using a single supply, 
tie the 
V- pin to ground 
and bias the GND pin to the mid-supply 
point using a resistor-divider network, as shown in Figure 3. 


ClK 


OP OUT 


AIIAXIAII 


OP IN- MAX29_ 
GNO 
+1Vlo+4V 
INPUT SIGNAL 


RANGE 


Pin configuralion 
is 8-pin DIP/SO. 


Figure 3. 
+5V Single-Supply 
Operation 
/a.-'I/JX I/a.-'I 


8th-Order, Lowpass, 


Switched-Capacitor 
Filters 


Input Signal Range 


The ideal input signal range is determined 
by observing 
at what voltage 
level the total harmonic 
distortion 
plus 


noise (THD + Noise) ratio is maximized 
for a given corner 
frequency. 
The Typical 
Operating 
Characteristics 
show 
the MAX291/292/295/296 
THD + Noise response 
as the 


input signal's 
peak-to-peak 
amplitude 
is varied. 


Uncommitted 
Op Amp 


The uncommitted 
op amp has its noninverting 
input tied to 
the GND pin, and can be used to build a 1st- or 2nd-order 
continuous 
lowpass filter. 
This filter is convenient 
for anti- 
aliasing applications, 
or for clock noise attenuation 
at the 


switched-capacitor 
filter's output. 
Figure 4 shows a 2nd- 


order lowpass Butterworth with components 
selected for a 


10kHz corner 
frequency. 
This filter's input resistance 
is 


22kQ, which satisfies the minimum load requirements 
of the 


switched-capacitor 
filter. 


DAC Post-Filtering 


When using the MAX291/292/295/296 
for DAC post-filter- 
ing, synchronize 
the DAC and the filter clocks. 
If clocks are 


not 
synchronized, 
beat 
frequencies 
will 
alias 
into the 
desired passband. 
The DAC's clock should be generated 
by dividing 
down the switched-capacitor 
filter's clock. 


22k 
R2 


C1 


Pin configuralion 
is 8-pin DIP/SO. 


Figure 4. 
Uncommitted 
Op Amp Configured 
as a 2nd-Order 


Butterworth 
Lowpass 
Filter (Fa = 10kHz) 


Harmonic Distortion 


Harmonic 
distortion 
arises from nonlinearities 
within the 


filters. These nonlinearities 
generate 
harmonics 
when a 


pure sine wave is applied 
to the filter input. 
Table 1 lists 


typical 
harmonic 
distortion 
values 
for 
the 


MAX291/292/295/296 
with a 1kHz 5Vp-p sine wave input 
signal, a 1MHz clock frequency, 
and a 5kQ load. 


Table 1. Typical Harmonic Distortion (dB) 


Harmonic 
2nd 
3rd 
4th 
5th 


MAX291 
-72 
-78 
-83 
-89 


Filter 
MAX292 
-71 
-82 
-82 
-88 
MAX295 
-93 
-86 
-92 
-97 
MAX296 
-71 
-89 
-96 
-96 


8th-Order, Lowpass, 
Switched-Capacitor Filters 


CD 
_ Ordering Information 
(continued) 


~ 
liS 


~ 
~ 


~ 
~ 
gj 
:.c; 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX292EPA 
-40'C 
to +85'C 
8 Plastic DIP 


MAX292ESA 
-40'C 
to +85'C 
8S0' 


MAX292EWE 
-40'C 
to +85'C 
16WideSO 


MAX292MJA 
-55'C 
to + 125'C 
8 CERDIP'" 


MAX295CPA 
O'C to +70'C 
8 Plastic DIP 


MAX295CSA 
O'C to +70'C 
8S0' 


MAX295CWE 
O'C to +70'C 
16 Wide SO 


MAX295C/D 
O'C to +70'C 
Dice" 


MAX295EPA 
-40'C 
to +85'C 
8 Plastic DIP 


MAX295ESA 
-40'C 
to +85'C 
8S0' 


MAX295EWE 
-40'C 
to +85'C 
16 Wide SO 


MAX295MJA 
-55'C 
to + 125'C 
8CERDIP'" 


MAX296CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX296CSA 
O'C to +70'C 
8S0' 


MAX296CWE 
O'Cto 
+70'C 
16 Wide SO 


MAX296C/D 
O'C to +70'C 
Dice" 


MAX296EPA 
-40'C 
to +85'C 
8 Plastic 
DIP 


MAX296EWE 
-40'C 
to +85'C 
16WideSO 


MAX296ESA 
-40'C 
to +85'C 
8S0' 


MAX296MJA 
-55'C 
to + 125'C 
8 CERDIP'" 


, Contact 
factory 
for availability 
. 


•• Contact 
factory 
for dice specifications 
. 
••• Contact 
factory 
for availability 
and processing 
to MIL-STD-883. 


OPOUT 


OPIN- 


N.C. 


N.C. 


GNO 


OUT 


N.C. 


9 
N.C. 


~~I~JXI~~I 


8th-Order, I.owpass, Elliptic, 


Switched-Capacitor Filters 


_______ 
General Description 


The 
MAX293/MAX294/MAX297 
are 
easy-to-use, 
8th- 


order, 
lowpass, 
elliptic, 
switched-capacitor 
filters 
that 


can 
be set up with 
corner 
frequencies 
from 
0.1 Hz to 


25kHz 
(MAX293/MAX294) 
or 
from 
0.1 Hz 
to 
50kHz 


(MAX297). 


The 
MAX293/MAX297's 
1.5 transition 
ratio 
provides 


sharp 
rolloff 
and 
-80d8 
of 
stopband 
rejection. 
The 


MAX294's 
1.2 transition 
ratio provides 
the steepest 
rolloff 


and -58d8 
of stopband 
rejection. 
All three filters have 


fixed 
responses, 
so the design 
task is limited to select- 


ing the clock 
frequency 
that controls 
the filter's 
corner 


frequency. 


An external 
capacitor 
is used to generate 
a clock 
using 


the internal oscillator, 
or an external 
clock 
signal can be 


used. 
An 
uncommitted 
op 
amp 
(noninverting 
input 
grounded) 
is provided 
for building 
a continuous-time 
lowpass 
filter 
for post-filtering 
or anti-aliasing. 
Steep 
roll off and 
high order 
make 
these 
filters 
ideal 
for anti- 


aliasing 
applications 
that require 
maximum 
bandwidth, 
and for communication 
applications 
that require filtering 


signals 
in close proximity 
within the frequency 
domain. 


The MAX293/MAX294/MAX297 
are available 
in 8-pin DIP 
and 
16-pin 
wide 
SO packages, 
delivering 
aggressive 


performance 
from a tiny area. 


Data-Acquisition 
Systems 


Anti-Aliasing 


DAC Post-Filtering 


Voice/Data 
Signal Filtering 


OUT 


OPOUT 
.••••• 
AXI .••••• 


MAX293 
MAX294 
MAX297 


• 
8th-Order 
Lowpass 
Elliptic Filters 


• 
Clock-Tunable 
Corner-Frequency 
Range: 
0.1 Hz to 25kHz (MAX293/MAX294) 
0.1 Hz to 50kHz (MAX297) 


• 
No External 
Resistors 
or Capacitors 
Required 


• 
Internal 
or External 
Clock 


• 
Clock to Corner 
Frequency 
Ratio: 
100:1 
(MAX293/294) 
50:1 
(MAX297) 


• 
Operate 
with a Single +5V Supply or Dual ±5V 


Supplies 


• 
Uncommitted 
Op Amp for Anti-Aliasing 
or 
Clock-Noise 
Filtering 


• 
8-Pin DIP and 16-Pin Wide SO Packages 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX293CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX293CWE 
O'C to +70'C 
16WideSO 


MAX293C/D 
O'C to +70'C 
Dice' 


MAX293EPA 
-40'C 
to +8S'C 
8 Plastic 
DIP 


MAX293EWE 
-40'C 
to +8S'C 
16WideSO 


MAX293MJA 
-SS'C to + 12S'C 
8 CERDIP" 


MAX294CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX294CWE 
O'C to +70'C 
16WideSO 


MAX294C/D 
O'C to +70'C 
Dice" 


Ordering 
Information 
continued 
on last page. 


• 
Contact 
factory 
for dice specifications 
. 


•• Contact 
factory 
for availability 
and processing 
to MIL -STO-883. 


.;MAXI.- 


MAX293 
MAX294 
MAX297 


8th-Order, Lowpass, Elliptic, 
Switched-Capacitor Filters 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(V+ to V-) 
.. 
. .. 12V 


Input Voltage 
at Any Pin. 
. ... 
(V- - 0.3V) 5: VIN 5: (V+ + 0.3V) 


Continuous 
Power Dissipation 


8-Pin Plastic 
DIP (derate 9.09mWrC 
above 
+ 70·C) 
727mW 
16-Pin Wide SO (derate 9.S2mWrC 
above 
+70·C) 
762mW 


8-Pin CERDIP (derate 8.00mWrc 
above 
+70·C) 
640mW 


Operating 
Temperature 
Ranges: 


MAX29_C_ 
O·C to + 70·C 


MAX29_E_ 
-40·C to +8S·C 


MAX29_MJA 
-SS·C to +12S·C 


Storage 
Temperature 
Range 
-6S·Cto 
+160·C 


Lead Temperature 
(soldering, 
10 sec) 
. 
+300·C 


Stresses 
beyond 
those 
listed 
under 
·Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = SV, v- = -SV, filter output 
measured 
at OUT pin, 20kQ load resistor 
to ground 
at OUT, fCLK = 100kHz 
(MAX293/MAX294) 
or 


fCLK = SOkHz (MAX297) 
TA = TMIN to TMAX. unless otherwise 
noted.) 


PARAMETER 
I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FILTER 
CHARACTERISTICS 


Corner-Frequency 
Range 
MAX293/MAX294 
0.1-2Sk 
Hz 


MAX297 
0.1-S0k 


Clock to Corner 
MAX293/MAX294 
100:1 


Frequency 
Ratio 
MAX297 
SO:l 


Clock to Corner 


MAX293 
8 


Frequency 
Tempco 
MAX294 
7 
ppmrc 


MAX297 
4 


fiN = 0.381Fo 
0.12 
-0.10 
-0.17 


fiN = 0.S94Fo 
0.12 
0.02 
-0.17 


fiN = 0.7S9Fo 
0.12 
-0.11 
-0.17 


fiN = 0.866Fo 
0.12 
-0.03 
-0.17 


fiN = 0.939Fo 
0.12 
-0.11 
-0.17 


MAX293 
fiN = 0.993Fo 
0.12 
0.04 
-0.17 


fiN = 1.000Fo 
0.12 
0.Q1 
-0.17 


fiN = 1.SooFo 
-7S 
-78 


Insertion 
Gain Relative to 
fiN = 1.610Fo 
-80 
-87 


DC Gain (Note 1) 
fiN = 2.020Fo 
-80 
-84 


fiN =4.020Fo 
-80 
-84 
dB 


fiN = 0.42SFo 
0.10 
-0.11 
-0.17 


fiN = 0.644Fo 
0.10 
0.02 
-0.17 


fiN = 0.802Fo 
0.10 
-0.10 
-0.17 


fiN = 0.89SFo 
0.10 
-0.03 
-017 


fiN = 0.946Fo 
0.10 
-0.07 
-0.17 
MAX294 
fiN = 0.994Fo 
0.26 
0.16 
-0.17 


fiN = 1.oo0Fo 
0.26 
0.13 
-0.17 


fiN = 1.2ooFo 
-Sl 
-S4 


fiN = 1.270Fo 
-S7 
-62 


fiN = 1.S30Fo 
-S7 
-60 


fiN = 2.840Fo 
-S7 
-60 


8th-Order, Lowpass, Elliptic, 


Switched-Capacitor 
Filters 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
=- 


(V+ = 5V, v- = -5V, filter output 
measured 
at OUT pin, 20kO load resistor 
to ground 
at OUT, fCLK = 100kHz 
(MAX293/MAX294) 
or 
~ 


fCLK = 50kHz 
(MAX297) 
TA = TMIN to TMAX, unless otherwise 
noted.) 
". 


~ 
CD 


~ 
E 


~ 
CD 


~ 
E 


~ 
CD 
~ 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fiN = 0.377Fo 
0.10 
-0.11 
-0.17 


fiN = 0.591 Fo 
0.10 
0.03 
-D.17 


fiN = 0.754Fo 
0.10 
-0.12 
-0.17 


fiN = 0.873Fo 
0.10 
0.02 
-0.17 
Insertion 
Gain Relative to 
fiN = 0.944Fo 
0.10 
-0.07 
-D.17 
DC Gain (Note 1) 
MAX297 
fiN = 0.996Fo 
0.20 
0.11 
-D.17 
dB 
(continued) 


fiN = 1.OOOFo 
0.20 
0.10 
-D.17 


fiN = 1.500Fo 
-75 
-79 


fiN = 1.610Fo 
-80 
-87 


fiN = 2.020Fo 
-80 
-84 


fiN = 4.000Fo 
-80 
-85 


MAX293 
0.15 
Passband 
Ripple 
MAX294 
0.27 
dB 


MAX297 
0.23 


Output 
DC SwinQ 
±4 
V 


Output 
Offset VoltaQe 
IN = GND 
±150 
±400 
mV 


DC Insertion Gain with 
-0.15 
±0.01 
0.15 
dB 
Output Offset Removed 


MAX293 
-71 


Total Harmonic 
Distortion 
TA = +25"C 
dB 
plus Noise 
MAX294 
-69 


MAX297 
-77 


Clock 
Feedthrouah 
TA = +25"C 
5.0 
mVp-p 


Output 
Drive Capability 
20 
10 
kO 


CLOCK 


Internal Oscillator 
Casc 
= 1000pF 
29 
35 
43 
kHz 
Frequency 


Internal Oscillator 
VCLK = OV or 5V 
±70 
±120 
llA 
Current 
Source/Sink 


Clock 
Input (Note 2) 
4.0 
HiQh 
V 


Low 
1.0 


UNCOMMITTED 
OP AMP 


Input Offset Voltage 
±10 
±50 
mV 


Output 
Drive Capability 
20 
10 
kn 


Output 
DC Swina 
+4 
V 


Gain-Bandwidth 
Product 
4 
MHz 


POWER 
REQUIREMENTS 


Supply 
Voltage 
±2.375 
±5.5 
Dual Supply 
V 


Single Supply 
V- = OV, GND = V+/2 
4.75 
11.0 


V+ = 5V, V- = -5V, VCLK = OV to 5V 
15.0 
22.0 
Supply 
Current 
V+ = 2.375V, V- = -2.375V, 
mA 


VCLK = -2V to 2V 
7.0 
12.0 


Note 1: Test frequencies 
selected 
at ripple 
peaks and troughs. 
Note 2: 
Guaranteed 
by design. 


8th-Order, Lowpass, Elliptic, 
Switched-Capacitor 
Filters 


_________________ 
Typical Operating Characteristics 


(V+ = 5V, v- = -5V, fClK = 100kHz (MAX293/MAX294) 
or fClK = 50kHz 
(MAX297), 
TA = +25"C, 
unless otherwise 
noted.) 
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Bth-Order, Lowpass, Elliptic, 


Switched-Capacitor Filters 


Typical Operating Characteristics 
(continued} 


(V+ = 5V, v- = -5V, fClK = 100kHz (MAX293/MAX294) 
or fClK = 50kHz 
(MAX297), 
TA = +25°C, unless otherwise 
noted.) 
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LABEL 
fCLK (Hz) 
Fa (kHz) 
INPUT 
MEASUREMENT 
FREQ. 
(Hz) 
BANDWIDTH 
(kHz) 


A 
200k 
2 
200 
30 


B 
1M 
10 
1k 
80 


C 
200k 
4 
400 
30 
0 
1M 
20 
2k 
80 


MAX293 
THO+ NOISEVSO 
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8th-Order, Lowpass, Elliptic, 
Switched-Capacitor 
Filters 


PIN 
NAME 


a-PIN 
16-PIN 
FUNCTION 


DIP 
SO 


1,2,7,8,9, 
N.C. 
No Connect-not 
internally 
10,15,16 
connected 


1 
3 
CLK 
Clock 
Input-use 
internal 
or 
external 
clock. 


Negative 
Supply 
pin. 
2 
4 
V- 
Dual supplies: 
-2.375V to -5.5V 
Sinole supply: 
V- = OV 


3 
5 
OP 
Uncommitted 
Op-Amp 
Output 
OUT 


Inverting 
Input to the uncom- 


4 
6 
OP 
mitted op amp. 
The non invert- 
IN- 
ing op amp is internally 
tied to 
GND. 


5 
11 
OUT 
Filter Output 


Ground. 
In single-supply 


6 
12 
GND 
operation, 
GND must be biased 
to the mid-supply 
voltage 
level. 


Positive Supply 
pin. 
7 
13 
V+ 
Dual supplies: 
+2.375V 
to +5.5V 
Sinale supply: 
+4.75V 
to + 11.0V 


8 
14 
IN 
Filter Input 


Fo 
Is 


Figure 
1. Elliptic Filter Response 


STOPBANO 
-- 


FREQUENCY 


______ 
Detailed Description 


The MAX293/MAX294/MAX297 
8th-order 
(eight-pole), 
el- 
liptic, 
switched-capacitor, 
lowpass 
filters 
provide 
the 


steepest 
possible 
roll off with frequency 
of the four com- 


mon filter types 
(Butterworth, 
Bessel, 
Chebyshev, 
ellip- 
tic). The high Q value of the poles 
near the passband 


edge combined 
with stopband 
zeros allows for the sharp 


attenuation 
characteristic 
of 
elliptic 
filters. 
The 
MAX293/MAX297 
have a 1.5 transition 
ratio and typically 
-78dB and -79dB of stopband 
rejection, 
respectively; 
the 
MAX294 has a 1.2 transition 
ratio (providing 
the steepest 


rolloff) and typically 
-58dB of stopband 
rejection. 


Passband Ripple 
and Corner Frequency 


The 
MAX293/MAX294 
operate 
with 
a 
100: 1 clock 
to 


corner 
frequency 
ratio and 
a 25kHz 
maximum 
corner 


frequency, 
with corner 
frequency 
defined 
as the point 


where 
the filter 
output 
attenuation 
falls just 
below 
the 
passband 
ripple (Figure 
1). The passband 
ripple is typi- 


cally 
0.15dB 
(MAX293) 
and 
0.27dB 
(MAX294). 
The 
MAX297 operates 
with a 50: 1 clock to corner frequency 
ratio 
and 
a 50kHz 
maximum 
corner 
frequency. 
Its 
passband 
ripple 
is typically 
0.23dB. 


Transition Ratio 
and Stopband Response 


In the 
frequency 
domain, 
the 
first 
transmission 
zero 


causes 
the filter's amplitude 
to drop to a minimum 
level. 


6-44 
_ 


Beyond 
this zero, the response 
rises as the frequency 


increases 
until the next transmission 
zero. Several repeti- 


tions of this response 
create the filter's 
stopband 
comb 
shape (Figure 1). The stopband 
begins at fs. At frequen- 
cies above fs, the filter's gain does not exceed 
the gain 


at fS. The transition 
ratio is defined 
as the ratio of the 


stopband 
frequency 
to the corner frequency. 


Background Information 


Most 
switched-capacitor 
filters 
are 
designed 
with 
bi- 


quadratic 
sections. 
Each section 
implements 
two filter- 
ing poles, and the sections 
can be cascaded 
to produce 


higher-order 
filters. 
The advantage 
to this approach 
is 


ease of design. 
However, 
this type of design 
is highly 


sensitive to component 
variations if any section's Q is high. 


An alternative 
approach 
is to emulate 
a passive 
network 


using switched-capacitor 
integrators 
with summing 
and 
scaling. 
The passive 
network can be synthesized 
using 


CAD 
programs, 
or can 
be found 
in many filter 
books. 


Figure 2 shows the basic ladder filter structure. 


A switched-capacitor 
filter that emulates 
a passive ladder 
filter retains 
many of its advantages. 
The filter's 
com- 


ponent 
sensitivity 
is low when compared 
to a cascaded 


biquad 
design 
because 
each 
component 
affects 
the 


entire 
filter 
shape, 
not just 
one 
pole 
pair. 
That 
is, a 


mismatched 
component 
in a biquad 
design 
will have a 


concentrated 
error 
on 
its respective 
poles, 
while 
the 


/vl/JXI/vl 


7 
Vt 
elK 
OUT 


OPOUT 


A;I.AlXIA;I 


4 
OPIN- MAX29_ 


8 
IN 
GNO 


V- 


2 


tlV 10t4V 
INPUTSIGNAL 
RANGE 


Figure 4. 
Uncommitted 
Op Amp 
Configured 
as a 2nd-Order 
Butterworth 
Lowpass 
Filter (Fa = 10kHz) 


8th-Order, Lowpass, Elliptic, 


Switched-Capacitor Filters 


same mismatch 
in a ladder 
filter design 
will spread 
its 


error over all poles. 


Clock-Signal Requirements 


The 
MAX293/MAX294/MAX297 
maximum 
recom- 


mended 
clock 
frequency 
is 2.5MHz, 
producing 
a cutoff 


frequency 
of 25kHz for the MAX293/MAX294 
and 50kHz 
for the MAX297. The ClK 
pin can be driven by an external 


clock 
or 
by 
the 
internal 
oscillator 
with 
an 
external 
capacitor. 
For external 
clock 
applications, 
the clock 


circuitry 
has been designed 
to interface 
with +5V CMOS 


logic. Drive the ClK 
pin with a CMOS gate powered 
from 


OVand +5V when using either a single supply or dual ±5V 
supplies. 
Varying the rate of an external clock will dynami- 


cally adjust the filter's corner frequency. 


When using the internal oscillator, the capacitance 
(Casc) 


on the ClK 
pin determines 
the oscillator frequency: 


105 


faSC(kHz) = 3Casc(pF) 


The stray capacitance 
at ClK should be minimized, 
since 


it will affect the internal oscillator 
frequency. 


____ 
Applications 
Information 


Power Supplies 


The MAX293/MAX294/MAX297 
operate 
from either dual 
or single power supplies. 
The dual-supply 
voltage 
range 


is ±2.375V 
to ±5.5V (O.1IlF bypass 
capacitors 
from each 
supply to GND are recommended). 
When using a single 
supply, 
tie the V- pin to ground 
and bias the GND pin to 


the mid-supply 
point using a resistor-divider 
network, 
as 
shown in Figure 3. 


Input-Signal Amplitude Range 


The ideal input-signal 
range is determined 
by observing 
at what voltage 
level the signal-to-noise 
plus distortion 


(SINAD) ratio is maximized 
for a given corner frequency. 


The 
Typical 
Operating 
Characteristics 
show 
the 


MAX293/MAX294/MAX297 
THD + Noise response 
as the 


input signal's 
peak-to-peak 
amplitude 
is varied. 


Uncommitted 
Op Amp 


The 
uncommitted 
op 
amp 
has 
its noninverting 
input 
connected 
to the GND pin, and can be used to build 
a 


1st- or 2nd-order 
continuous-time 
lowpass 
filter. 
This 


filter is intended 
for anti-aliasing 
applications 
preceding 


the switched-capacitor 
filter, 
but 
it can 
be used 
as a 


post-filter 
to reduce 
clock 
noise. 
Figure 4 shows one of 
many filters that can be built with this op amp: a 2nd-order 
Butterworth 
filter with a 10kHz corner 
frequency 
and an 
input impedance 
greater than 22kQ. 
Table 1 gives alter- 


native component 
values for different 
corner frequencies 


of the same Butterworth 
filter. 


Table 1. Component 
Values for Figure 4's Filter 


R1 
R2 
R3 
C1 
C2 


kfl 
kn 
kfl 
F 
F 


10 
10 
10 
68 
330 


20 
20 
20 
68 
330 


20 
20 
20 
150 
680 


22 
22 
22 
330 
1.5n 


22 
22 
22 
3.3 
15n 


22 
22 
22 
33n 
150n 


22 
22 
22 
330n 
15 


NOTE: Some approximations 
have been made 
in selecting 
preferred 
component 
values. 


The passband 
error caused 
by a 2nd-order 
Butterworth 
can be calculated 
using the formula: 


Gainerror=-10109[1 
+ (tJ4] dB 


8th-Order, Lowpass, Elliptic, 
Switched-Capacitor 
Filters 


As the passband 
ripple of the MAX293/MAX294/MAX297 


elliptic 
filters 
is of the order 
of ±O.1dB, 
it is normally 


appropriate 
to 
keep 
the 
passband 
errors 
of 
any 


anti-aliasing 
filter 
at or 
below 
this 
level. 
This 
is 


achieved 
by 
choosing 
the 
corner 
frequency 
of 
Figure 
4's Butterworth 
filter 
(fcB) to be higher than the 


corner 
frequency 
of the elliptic 
switched-capacitor 
filter 


(feE) by a factor of 2.5 or more. 
A factor of 5 or more is 


recommended 
to 
avoid 
problems 
with 
component 
tolerances, 
i.e. fcB > (S)(fcE). 


When using the uncommitted 
op amp as a post-filter 
to 
reduce 
clock 
noise, 
keep the filter's 
input 
impedance 


above 20kQ to avoid excessive 
loading 
of the switched- 
capacitor 
filter. 
Note 
that 
the 
op 
amp 
experiences 
some clock 
feedthrough, 
so it is generally 
more useful 


for anti-aliasing 
than for clock-noise 
attenuation. 


DAC Post.Filtering 


When using the MAX293/MAX294/MAX297 
for DAC post- 
filtering, 
synchronize 
the 
DAC 
and 
the filter 
clocks. 
If 


GNO 


OUT 


N.C. 


9 
N.C. 


clocks 
are not synchronized, 
beat frequencies 
will alias 


into the desired 
passband. 
The DAC's clock 
should 
be 


generated 
by 
dividing 
down 
the 
switched-capacitor 


filter's clock. 


Harmonic Distortion 


Harmonic 
distortion 
arises from nonlinearities 
within the 


filter. These 
nonlinearities 
generate 
harmonics 
when 
a 


pure sine wave is applied 
to the filter input. Table 2 lists 


typical 
harmonic 
distortion 
values 
for 
the 


MAX293/MAX294/MAX297 
with a 1kHz 5Vp-p sine wave 


input signal, 
a 1MHz clock frequency, 
and a 20kQ load. 


FILTER 
HARMONIC 


2nd 
3rd 
4th 
5th 


MAX293 
70 
90 
88 
92 


MAX294 
67 
90 
92 
94 


MAX297 
84 
89 
93 
99 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX294EPA 
-40"C ta +8S"C 
8 Plastic 
DIP 


MAX294EWE 
-40"C ta +8S"C 
16WideSO 


MAX294MJA 
-SS"C ta +12S"C 
8 CERDIP" 


MAX297CPA 
O"Cta 
+70"C 
8 Plastic 
DIP 


MAX297CWE 
0"Cta+70"C 
16 Wide SO 


MAX297C/D 
O"C ta +70"C 
Dice· 


MAX297EPA 
-40"C ta +8S"C 
8 Plastic 
DIP 


MAX297EWE 
-40"C ta +8S"C 
16 Wide SO 


MAX297MJA 
-SS·C ta + 12S"C 
8CERDlp·· 


• Cantact 
factory 
far dice specifications 
. 


•• Contact 
factory 
far availability 
and processing 
ta MIL-STD-883. 


MAX120 


MAX121 


MAX122 


MAX132 


MAX135 


MAX153 


MAX155 


MAX156 


MAX165 


MAX166 


MAX168 


MAX 176 


MAX186 


MAX188 


MAX190 


MAX191 


MAX195 


500ksps, 
12-Bit Sampling 
ADC with TrackIHold 
and Reference 
7-9* 


SeriaI-OutpLt,4OOksps,14-B~ADCwilhTrcd<kloldaldReference 
.7-13* 


333ksps, 
12-Bit Sampling 
ADC with TracklHold 
and Reference 
7-9* 


±18-Bit, 
Low-Power 
ADC with Serial Interface 
7-15 


±15-Bit, 
Low-Power 
ADC with Parallel Interface 
7-27* 


1Msps f.lP-Compatible, 
8-Bit ADC with 1f.lA Power-Down 
7-31* 


High-Speed, 
8-Bit ADC with 8 Simultaneous 
TIH and Reference 
7-33 


Hig,-Speed,8-B~ADCw~4SimultaneousTA-landReference 
7~ 


5~, 
8-Bit ADC with T/H and Ref 
7-53 


5~, 
8-Bit ADC with T/H and Ref and Differential 
Input 
7-53 
14-Bit, 250ksps 
ADC with Track/Hold 
and Voltage 
Reference 
' 
7-65* 


Serial-Output, 
12-Bit250ksps 
ADC with T/H, Ref, 8-Pin Package 
7-67* 


8-01amel,13Jksps, 
12-B~SerialADCwilhTA-landRel 
7.00* 


8-Channel, 
130ksps, 
12-Bit Serial ADC with TIH and Ref 
7-69* 


12-Bit, 75ksps, 
+5V ADC with T/H and Ref 
7-71 


12~,100<sps, 
+5V/±5 ADC with TIH and Ref 
7-87* 


16-Bit, Self-Calibrating, 
10J.l.sSampling 
ADC 
7-89* 
- 


General-Purpose AID Converters 


Conversion 
Reference 
Data-Bus 
Supply 
Input 
Prlcet 


Psrt 
Resolution 
Time 
Input 
Sample 
Rste 
VoItsge" 
Interface 
Vol18ge 
Ranges 
1000-up 
Number 
(Bha) 
(f'S maxI 
Channels 
(kHzmax) 
M 
(Bha) 
(V) 
(V) 
Features 
($) 


MAXI53 
8 
0.660 
1 
1000 
E 
1ll'/8 
+5&±5 
+5,±2.5 
High-speed 
A/D with powerdown 
tt 


MX7821 
8 
0.660 
1 
1000 
E 
1ll'/8 
+5&±5 
+5,±2.5 
Complete AID with T/H 
7.54 


MAX150 
8 
1.34 
1 
500 
E/I/+2.5 
1ll'/8 
+5 
+5 
Complete 
A/D with T/H and ref 
7.% 


MX7820 
8 
1.34 
1 
500 
E 
1ll'/8 
+5 
+5 
Plug-in replacement 
for AD7820 
7.93 


ADC0820 
8 
1.38 
1 
400 
E 
1ll'/8 
+5 
+5 
Complete AID with T/H 
7.16 


MAXI54 
8 
2 
4 
300 
E/I/+2.5 
1ll'/8 
+5 
+5 
4-Ot AID with T/H and ref 
8.36 


MAX158 
8 
2 
8 
300 
E/I/+2.S 
1ll'/8 
+5 
+S 
8-Ol AID with T/H and ref 
8.76 


MX7824 
8 
2 
4 
300 
E 
1ll'/8 
+5 
+S 
Plug-in replacement 
for AD7824 
8.33 


MX7828 
8 
2 
8 
300 
E 
1ll'/8 
+5 
+S 
Plug-in replacement 
for AD7828 
8.73 


MAXlS5 
8 
3.8 
8 
250 
E/I/+2S 
1ll'/8 
+S 
+2S,±2.5 
8-Ol simultaneous 
T/H and ref 
10.00 


MAXl56 
8 
3.8 
4 
250 
E/I/+2.S 
1ll'/8 
+5 
+2.S,±2.5 
4-Ot simultaneous 
T/Handref 
8.85 


MAXI60 
8 
4 
1 
E 
1ll'/8 
+S 
+10,±5 
Ratiomebic, 
singl ••.supply A/D 
720 


MAXI65 
8 
S 
1 
200 
E/I/+l.23 
1ll'/8 
+5 
+5 
Complete 
sampling 
A/D with ref 
4.99 


MAXI66 
8 
S 
1 
200 
E/I/+l.23 
1ll'/8 
+5 
+S 
Differential 
input complete 
A/D 
4.99 


MX7S75 
8 
5 
1 
200 
E 
1ll'/8 
+5 
+S 
Plug-in replacement 
for AD7575 
3.74 
.... 
MX7576 
8 
10 
1 
E 
1ll'/8 
+5 
+S 
Plug-in replacement 
for AD7576 
352 
.. 


MX7574 
8 
IS 
1 
E 
1ll'/8 
+5 
+10,±5 
Plug-in replacement 
for AD7574 
4.80 


MAXI61 
8 
20 
8 
E 
1ll'/8 
+5 
+10 
8-a. 
AID with RAM buffer 
11.12 


MX7581 
8 
66.6 
8 
E 
1ll'/8 
+S 
+10 
Plug-in replacement 
for AD7581 
11.08 


MAXlSl 
10 
25 
1 
300 
E/I/+4.0 
1ll'/10 
±5 
+S 
Sampling 
A/D with ref 
12.67 


MAXI73 
10 
5 
1 
1/-5.25 
1ll'/8/12 
+5 &-12/-1S 
+5 
Complete 
with ref 
7.01 


MAXI77 
10 
8.33 
1 
100 
1/-5.25 
1ll'/8/12 
+5 &-12/-1S 
±2.S 
Sampling AID with ref 
7.96 


MAX120 
12 
1.6 
1 
500 
1/-5.0 
1ll'/12 
+5&-12/-1S 
±5 
High-speed 
complete 
sampling 
A/D 
tt 


MAXlll 
12 
2.6 
1 
333 
1/-5.0 
1ll'/12 
+5 &-12/-1S 
±5 
High-speed 
complete 
sampling 
A/D 
tt 


MX578 
12 
3 
1 
E/I/+I0.0 
logiC 
+5& ±15 
±10 
With parallel/serial 
outputs 
88.71 


MAX162 
12 
3.25 
1 
1/-525 
1ll'/8/12 
+5&-12/-1S 
+5 
High-speed 
A/D 
with internal 
ref 
1920 


MAX183 
12 
3.25 
1 
E 
1ll'/8/12 
+5&-12/-1S 
+5, ±5,+10 
High-speed 
A/D with external ref 
15.00 


MX7672-03 
12 
3.25 
1 
E 
1ll'/8/12 
+5&-12 
+5, ±5, +10 
Plug-in replacement 
for AD7672-03 
57.38 


MAX176 
12 
3.5 
1 
250 
1/-5.0 
Serial 
+5&-12/-1S 
±5 
8-pin miniDiP 
tt 


MAX170 
12 
5 
1 
1/-5.25 
Serial/12 
+5&-12/-1S 
+5 
8-pin miniDIP 
11.96 


MAXl71 
12 
S 
1 
1/-5.25 
Serial/12 
+5&-12/-15 
+5 
Opt<>-isolated 
2025 


MAXI84 
12 
5 
1 
E 
1ll'/8/12 
+5&-12/-16 
+5/±5/+10 
High-speed 
A/D with external ref 
13.75 


. E = external reference, I = internal reference 
t 
Prices provided 
are for design guidance 
and are FOB USA 
International 
prices will differ due to local duties, taxes, and exchange rates. 


tt Future product- 
contact factory for pricing and availability.I 


General-Purpose AID Converters (continued) 


Conversion 
Reference 
Data-Bus 
Supply 
Input 
Prlcet 


Pari 
Resolution 
Time 
Input 
SampleRate 
Voltage' 
Interface 
Voltage 
Ranges 
1000-up 
Number 
(Bits) 
(fJ.Smax) 
Channels 
(kHzmax) 
(V) 
(Bits) 
(V) 
(V) 
Features 
($) 


MX7572-05 
12 
5 
1 
11-5.25 
J.IP/8/12 
+5&-15 
+5 
Plug-in replacement 
for AD7572-05 
20.00 


MX7672-05 
12 
5 
1 
E 
J.IP/8/12 
+5&-12 
+5,:1:5, +10 
Plug-in replacement 
for AD7672-05 
33.66 


MAX186 
12 
7.5 
8 
133 
E/I/+4.(l96 
Serial 
+5/:1:5 
+5, ±25 
7mW, 1<¥A powerdown 
tt 


MAX187 
12 
7.5 
1 
133 
E/I/+4.096 
Serial 
+5/:1:5 
+5,±25 
7mW, 8-pin package 
tt 


MAXI88 
12 
7.5 
8 
133 
E 
Serial 
+5/:1:5 
+5,±2.5 
MAX186 without 
reference 
tt 


MAX189 
12 
7.5 
1 
133 
E 
Serial 
+5/:1:5 
+5,±25 
MAX187 without 
reference 
tt 


MAX191 
12 
7.5 
1 
100 
E/II+4.096 
J.IP/12/serial 
+5/:1:5 
+5,±2.5 
15mW,IQl¥Wpowerdown 
tt 


MAXI90 
12 
7.8 
1 
100 
E/I/+4.096 
J.IP/12/serial 
+5 &:1:5 
+5 
Low-power 
sampling 
A/D with ref 
10.00 


MAX174 
12 
8 
1 
E/II+10.0 
J.IP/8/12 
+5 & ±12/±15 
:1:5,±10, +10, +20 
Upgrades 
for ADS74A/ AD674A 
28.13 


MAXI63 
12 
833 
1 
100 
1/-5.0 
J.IP/8/12 
+5&-12/-15 
+5 
Complete 
sampling 
A/D with ref 
14.40 


MAXI64 
12 
833 
1 
100 
11-5.0 
J.IP/8/12 
+5&-12/-15 
:1:5 
Complete 
sampling 
A/D with ref 
14.40 


MAX167 
12 
833 
1 
100 
1/-5.0 
J.IP/8/12 
+5&-12/-15 
±2.5 
Complete 
sampling 
A/D with ref 
14.40 


MAXI80 
12 
833 
8 
100 
E/II-5.0 
J.IP/8/16 
+5&-12/-15 
+5, ±2.5 
Data-acquisition 
system 
17.00 


MAX181 
12 
833 
6 
100 
EII/-5.0 
J.IP/8/16 
+5&-12/-15 
+5, ±2.5 
Data-acquisition 
system 
17.00 


MAXI72 
12 
10 
1 
1/-5.25 
J.IP/8/12 
+5&-12/-15 
+5 
First lowest-rost 
complete 
A/D 
9.60 
... 
MAX185 
12 
10.4 
1 
E 
J.IP/8/12 
12.00 
~ 
+5&-12/-15 
+5,:1:5,+10 
High-speed 
AID with external ref 


MX7672-10 
12 
10.4 
1 
E 
J.IP/8/12 
+5&-12 
+5,:1:5,+10 
Plug-in replacement 
for AD7672-05 
2S.2S 


MX7S72-12 
12 
12 
1 
1/-5.25 
J.IP/8/12 
+5&-15 
+5 
Plug-in replacement 
for AD7572-12 
14.00 


MX674A 
12 
15 
1 
E/I/+I0.0 
J.IP/8/12 
+5 & ±12/±15 
:1:5,±10, +10, +20 
Plug-in replacement 
for ADS74A 
23.44 


MXS74A 
12 
25 
1 
E/I/+I0.0 
J.IP/8/12 
+5 & ±12/±15 
:1:5,±10, +10, +20 
Plug-in replacement 
for AD674A 
11.97 


MAX178 
12 
50 
1 
20 
E/I/+5.0 
J.IP/8/16 
+5& +15 &-5 
+5 
Calibrated 
to lLSB, with T/H, ref 
15.24 


MAX182 
12 
50 
4 
20 
E/II+5.0 
J.IP/8/16 
+5&+15&-5 
+5 
Calibrated 
to lLSB, with T/H, ref 
17.55 


MX7S78 
12 
100 
1 
E 
J.IP/8/16 
+5& +15 &-5 
+5 
Plug-in replacement 
for AD7578 
16.96 


MX7582 
12 
100 
4 
E 
J.IP/8/16 
+5&+15&-5 
+5 
Plug-in replacement 
for AD7582 
19.50 


MAX121 
14 
2.0 
1 
400 
11-5.0 
Serial 
+5&-12/-15 
:1:5 
High-speed, 
complete 
sampling 
A/D 
tt 
with DSP interface 


MAXI68 
14 
3.5 
1 
250 
E/I/+3.0 
J.IP/8/16 
+5&-5 
±3 
Complete 
sampling 
A/D 
tt 


MAX135 
15 + sign 
IOms 
1 
E 
J.IP/8 
:1:5 
±O.5 
High-resolution 
A/D, 
<lmW 
8.00 


MAX132 
18 + sign 
IOms 
1 
E 
Serial 
:1:5 
±O.5 
Serial high-resolution 
A/D, <lmW 
8.00 


• 
E = external reference, I = internal 
reference 
t 
Prices provided 
are for design guidance 
and are FOB USA 
International 
prices will differ due to local duties, taxes, and exchange rates. 


tt Future product- 
contact factory for pricing and availability. 


Sampling AID Converters 


Conversion 
Reference 
Data-Bua 
Supply 
Input 
Prlcet 


Pan 
Resolution 
Time 
Input 
sampieRale 
Voltage" 
Interface 
Voltage 
Ranges 
10Cl0-up 
Number 
(Bits) 
(JL8 mex) 
Channels 
(kHzmex) 
(V) 
(Bits) 
(V) 
(V) 
Festures 
($) 


MAX153 
8 
0.660 
1 
1000 
E 
ll1'/8 
+5&:±5 
+5,±2.5 
High-speed 
AID 
with powerdown 
tt 


MX7821 
8 
0.660 
1 
1000 
E 
ll1'/8 
+5&:±5 
+5,±2.5 
Complete 
AID 
with T/H 
7.54 


MAXl50 
8 
1.34 
1 
500 
E/I/+2.5 
ll1'/8 
+5 
+5 
Complete 
A/D with T /H and ref 
7.96 


MX7820 
8 
1.34 
1 
500 
E 
ll1'/8 
+5 
+5 
Plug-in replaoement 
for AD7820 
7.93 


AOC0820 
8 
1.38 
1 
400 
E 
ll1'/8 
+5 
+5 
Complete 
AID 
with T/H 
7.16 


MAXl54 
8 
2 
4 
300 
E/I/+2.5 
ll1'/8 
+5 
+5 
4-01 AID 
with T/H and ref 
8.36 


MAXl58 
8 
2 
8 
300 
E/l/+2.5 
ll1'/8 
+5 
+5 
8-Ot AID 
with T/H and ref 
8.76 


MX7824 
8 
2 
4 
300 
E 
ll1'/8 
+5 
+5 
Plug-in repiaoement 
for AD7824 
8.33 


MX7828 
8 
2 
8 
300 
E 
ll1'/8 
+5 
+5 
Plug-in replaoement 
for AD7828 
8.73 


MAX155 
8 
3.8 
8 
250 
E/I/+2.5 
ll1'/8 
+5 
+2.5,±2.5 
8-Ot simultaneous 
T/H and ref 
10.00 


MAXl56 
8 
3.8 
4 
250 
E/I/+2.5 
ll1'/8 
+5 
+2.5,±2.5 
4-01 simultaneous 
T/H and ref 
8.85 


MAXl65 
8 
5 
1 
200 
E/I/+1.23 
ll1'/8 
+5 
+5 
Complete 
sampling 
A/D with ref 
4.99 


MAXl66 
8 
5 
1 
200 
E/I/+1.23 
ll1'/8 
+5 
+5 
Differential 
input romplete 
A/D 
4.99 


MX7575 
8 
5 
1 
200 
E 
ll1'/8 
+5 
+5 
Plug-in replaoement 
for AD7575 
3.74 


MAX151 
10 
2.5 
1 
300 
E/I/+4.0 
ll1'110 
±5 
+5 
Sampling 
AID 
with ref 
12.67 


MAXl77 
10 
8.33 
1 
100 
1/-525 
ll1'/8/12 
+5 &:-12/-15 
±2.5 
Sampling 
AID 
with ref 
7.96 
... 
MAX120 
12 
1.6 
1 
500 
1/-5.0 
ll1'/12 
+5&:-12/-15 
±5 
High-speed 
complete 
sampling 
AID 
tt 
W 
MAXl22 
12 
2.6 
1 
333 
1/-5.0 
ll1'/12 
+5&:-12/-15 
±5 
High-speed 
complete 
sampling 
AID 
tt 


MAX176 
12 
3~ 
1 
250 
1/-5.0 
Serial 
+5&:-12/-15 
±5 
8-pin miniDIP 
tt 


MAXl86 
12 
7.5 
8 
133 
E/I/+4.096 
Serial 
+5/±5 
+5, ±2.5 
7mW, 1~ 
powerdown 
tt 


MAX187 
12 
7.5 
1 
133 
E/I/+4.096 
Serial 
+5/±5 
+5, ±2.5 
7mW, 8-pin package 
tt 


MAXl88 
12 
7.5 
8 
133 
E 
Serial 
+5/±5 
+5, ±2.5 
MAXl86 without 
reference 
tt 


MAX189 
12 
7.5 
1 
133 
E 
Serial 
+5/±5 
+5, ±2.5 
MAX187 without 
reference 
tt 


MAX191 
12 
7.5 
1 
100 
E/I/+4.096 
ll1'/12/serial 
+5/±5 
+5, ±2.5 
15mW, 10C¥W powerdown 
tt 


MAXl90 
12 
7.8 
1 
100 
E/I/+4.096 
ll1'/12/serial 
+5 &:±5 
+5 
Low-power 
sampling 
A/D with ref 
10.00 


MAXl63 
12 
8.33 
1 
100 
1/-5.0 
ll1'/8/12 
+5 &:-12/-15 
+5 
Complete 
sampling 
A/D with ref 
14.40 


MAXIM 
12 
8.33 
1 
100 
1/-5.0 
ll1'/8/12 
+5&:-12/-15 
±5 
Complete 
sampling 
A/D with ref 
14.40 


MAX167 
12 
8.33 
1 
100 
1/-5.0 
ll1'/8/12 
+5 &:-12/-15 
±2.5 
Complete 
sampling 
A/D with ref 
14.40 


MAXl80 
12 
8.33 
8 
100 
E/I/-5.0 
ll1'/8/16 
+5&:-12/-15 
+5, ±2.5 
Data-acquisition 
system 
17.00 


MAX181 
12 
8.33 
6 
100 
E/I/-5.0 
ll1'/8/16 
+5&:-12/-15 
+5, ±2.5 
Data-acquisition 
system 
17.00 


MAXl78 
12 
50 
1 
20 
E/I/+5.0 
ll1'/8/16 
+5&: +15 &:-5 
+5 
Calibrated 
to lISB, with T/H, ref 
1524 


MAX182 
12 
50 
4 
20 
E/I/+5.0 
ll1'/8/16 
+5&:+15&:-5 
+5 
Calibrated 
to lISB, with T/H, ref 
17.55 


MAX121 
14 
2.0 
1 
400 
1/-5.0 
Serial 
+5&:-12/-15 
±5 
High-speed. 
oompletesampling 
A/D 
tt 


with DSPinterface 


MAXl68 
14 
3.5 
1 
250 
E/I/+3.0 
ll1'/8/16 
+5&:-5 
±3 
Complete 
sampling 
AID 
tt 


" 
E = external reference, 1= internal reference 
t 
Prices provided 
are for design guidance 
and are FOB USA 
international 
prices will differ due to local duties, taxes, and exchange 
rates. 
tt Future product- 
oontacl factory for pricing and availability.I 


Multi-Channel AID Converters 


Conversion 
Reference 
Data-Bus 
Supply 
Input 
Pricet 


Part 
Resolution 
Time 
Input 
Sample Rate 
Voltage· 
Interface 
Voltage 
Ranges 
1000-up 
Number 
(Bits) 
(Ilsmax) 
Channels 
(kHzmax) 
(V) 
(Bits) 
(V) 
(V) 
Features 
($) 


MAXl54 
8 
2 
4 
300 
E/I/+2.5 
~/8 
+5 
+5 
4-Ch A/D 
with T/H and ref 
8.36 


MAX158 
8 
2 
8 
300 
E/I/+2.5 
IlP/8 
+5 
+5 
8-Ch A/D 
with T/H and ref 
8.76 


MX7824 
8 
2 
4 
300 
E 
~/8 
+5 
+5 
Plug-in 
replacement 
for AD7824 
8.33 


MX7828 
8 
2 
8 
300 
E 
~/8 
+5 
+5 
Plug-in 
replacement 
for AD7828 
8.73 


MAX155 
8 
3.8 
8 
250 
E/I/+2.5 
IlP/8 
+5 
+2.5, ±2.5 
B-Ch simultaneous 
T/H and ref 
10.00 


MAXl56 
8 
3.8 
4 
250 
E/I/+2.5 
~/8 
+5 
+2.5, ±2.5 
4-Ch simultaneous 
T/H and ref 
8.85 


MAX161 
8 
20 
8 
E 
~/8 
+5 
+10 
8-Ch A/D 
with RAM buffer 
11.12 


MX7581 
8 
66.6 
8 
E 
IlP/8 
+5 
+10 
Plug-in 
replacement 
for AD7581 
11.08 


MAX186 
12 
7.5 
8 
133 
E/I/+4.096 
Serial 
+5/±5 
+5, ±2.5 
7mW, lOIlA powerdown 
tt 


MAX188 
12 
7.5 
8 
133 
E 
Serial 
+5/±5 
+5, ±2.5 
MAX186 without 
reference 
tt 


MAX180 
12 
8.33 
8 
100 
E/I/-5.0 
~/8/16 
+5 & -12/-15 
+5, ±2.5 
Data-acquisition 
system 
17.00 


MAX181 
12 
8.33 
6 
100 
E/I/-5.0 
IlP/8/16 
+5&-12/-15 
+5, ±2.5 
Data-acquisition 
system 
17.00 


MAX182 
12 
50 
4 
20 
E/I/+5.0 
~/8/16 
+5 & +15 &-5 
+5 
Calibrated 
to 1LSB, with T/H, 
ref 
17.55 


MX7582 
12 
100 
4 
E 
~/8/16 
+5 & +15 &-5 
+5 
Plug-in 
replacement 
for AD7582 
19.50 


..• 
j" 


Serial AID Converters 


Conversion 
Reference 
Data-Bus 
Supply 
Input 
Pricet 


Part 
Resolution 
Time 
Input 
Sample Rate 
Voltage· 
Interface 
Voltage 
Ranges 
1000-up 
Number 
(Bits) 
(Ilsmax) 
Channels 
(kHz max) 
(V) 
(Bits) 
(V) 
(V) 
Features 
($) 


MAX176 
12 
3.5 
1 
250 
1/-5.0 
Serial 
+5&-12/-15 
±5 
8-pin miniDIP 
tt 


MAX186 
12 
7.5 
8 
133 
E/I/+4.096 
Serial 
+5/±5 
+5, ±2.5 
7mW, lOIlA powerdown 
tt 


MAX187 
12 
7.5 
1 
133 
E/1/+4.096 
Serial 
+5/±5 
+5, ±2.5 
7mW, 8-pin package 
tt 


MAX188 
12 
7.5 
8 
133 
E 
Serial 
+5/±5 
+5, ±2.5 
MAX186 without 
reference 
tt 


MAX189 
12 
7.5 
1 
133 
E 
Serial 
+5/±5 
+5, ±2.5 
MAX187 without 
reference 
tt 


MAX191 
12 
7.5 
1 
100 
E/I/+4.096 
~ /12/serial 
+5/±5 
+5, ±2.5 
15mW, 100IlW powerdown 
tt 


MAX190 
12 
7.8 
1 
100 
E/I/+4.096 
IlP /12/serial 
+5 & ±5 
+5 
Low-power 
sampling 
A/D 
with ref 
10.00 


MAX121 
14 
2.0 
1 
400 
1/-5.0 
Serial 
+5 & -12/-15 
±5 
High-speed, 
complete 
sampling 
A/D 
tt 
with DSP interface 


MAX132 
18 + sign 
lOms 
1 
E 
Serial 
±5 
±O.5 
Serial high-resolution 
A/D, 
<lmW 
8.00 


. E = external 
reference, 
I = internal 
reference 


t 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 


tt Future 
product- 
contact factory 
for pricing 
and availability. 


Integrating AID Converters 


Supply 
Pricet 
Supply 
Current 
Part 
Resolution 
Output 
Voltage 
(mA) 
1000-up 
Number 
(digits) 
(counts) 
Type 
(V) 
max (typ) 
References 
Features 
($) 


MAX130 
31/2 
±2000 
LCD 
+4.5 to 14 
0.25(0.1) 
Bandgap 
Replacement 
for ICL7106 
4.86 


MAX131 
31/2 
±2000 
LCD 
+4.5 to 14 
0.1 (0.06) 
Bandgap 
Replacement 
for ICL7136 
4.86 


MAXl36 
31/2 
±2000 
LCD 
+9 
0.15 (0.06) 
Bandgap 
Hold function, 
low power 
4.32 


MAXl38 
31/2 
±2000 
LCD 
+2.25 to 7 
0.8(0.2) 
Bandgap 
± inputs 
with single supply 
6.88 


ICL7106 
31/2 
±2000 
LCD 
+9 
1.8(0.6) 
Zener 
For digital 
multi meters 
4.32 


ICL7116 
31/2 
±2000 
LCD 
+9 
1.8(0.8) 
Zener 
ICL7106 with display 
hold 
4.32 


ICL7126 
31/2 
±2000 
LCD 
+9 
0.1 (0.6) 
Zener 
Use ICL7136 for new designs 
4.32 


ICL7136 
31/2 
±2000 
LCD 
+9 
0.1 (0.06) 
Zener 
Low power/noise 
ICL7106 
4.32 


MAX139 
31/2 
±2000 
LED 
+5 
0.8 (0.2) 
Bandgap 
± inputs 
with single supply 
6.08 


MAX140 
31/2 
±2000 
LED 
+5 
0.8 (0.2) 
Bandgap 
Low segment 
current 
(2mA) 
4.68 


ICL7107 
31/2 
±2000 
LED 
+9 
1.8 (0.6) 
Zener 
For digital 
panel meters 
4.32 


ICL7117 
31/2 
±2000 
LED 
±5 
1.8 (0.8) 
Zener 
ICL7107 with display 
hold 
4.32 


ICL7137 
31/2 
±2000 
LED 
±5 
0.2 (0.06) 
Zener 
Low power 
when 
LEDs off 
4.32 


MAX133 
33/4 
±40,OOO 
~P 
+9 
0.2 (0.09) 
External 
20 conv /sec, ±10~V resolution 
10.89 
... 
MAXl34 
33/4 
±40,000 
~P 
±5 
0.2 (0.09) 
External. 
20 conv /sec, ±10~V resolution 
10.89 
en 
ICL7109 
12 bits + sign 
±4096 
8-/16-bit 
~P /UART 
±5 
1.5 (0.7) 
Zener 
3-state binary 
outputs 
5.10 


ICL7129A 
41/2 
±20,000 
Triplexed 
LCD 
+9 
1.4 (1.0) 
External 
Lowest 
noise ±3~V 
7.96 


ICL7135 
41/2 
±20,000 
Multiplexed 
BCD 
±5 
2.0 (1.0) 
External 
For DMM, DPM, data loggers 
5.48 


MAX135 
15 bits + sign 
±20,000 
~P/8 
±5 
0.125(0.06) 
External 
3-state twos-complement 
outputs 
8.00 


MAX132 
18 bits + sign 
±260,000 
Serial ~P 
±5 
0.125(0.06) 
External 
Serial low-power 
A/D 
8.00 


t 
Prices provided 
are for design 
guidance 
and are FOB USA. 
International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 
I 


AID CONVERTERS 


FAST CONVERSION 
«100~s) 
(SEE SARIFLASH AIDs) 


MAXI30 
(31/2 D, B/G) 


MAX131 (31/2 D, D/G, L) 


MAX136 (3 1/2 D, Z, L) 


MAX138 (31/2 D, B/G, 5/5) 


ICL7106 
(31/2 D,Z) 


ICL7116 
(3 1/2 D, Z, HOLD) 


ICL7126 
(3 1/2 D, Z, L) 


ICL7129A (4 1/2 D) 


ICL7136 
(3 1/2 D, Z, L) 


NOTES: 
HOlD - Has display-hold 
Input 
5/5 - Has +SV single supply 
B/G - Has bandgap 
reference 


Z - Has zener reference 
L-Lowpower 


SLOW CONVERSION 
(>50ms) 
(INTEGRATING 
AIDs) 


MAX139 (31/2 D, B/G, 5/5) 


MAXI40 (31/2 D, B/G, 5/5) 


ICL7107 (3 1/2 D, Z) 


ICL7117 (31/2 D, Z, HOLD) 


ICL7137 (3 1/2 D, Z, L) 


* MAX132 (±18bit, serial out) 


MAX133 (±40,OOO count, L) 


MAXI34 (±40,ooo 
count, L) 
* MAX135 (±15bit) 


ICL7109 (12bit, Z) 


ICL7135 (±20,OOO count) 


MAXl50 (l.34flS/ref) 
* MAXl53 
(O.66flS) 


MX7820 (l.34flS) 
* MX7821 
(O.66flS) 


ADC0820 (l.38flS) 


MAX165 (SflS/ref) 


MAXl66 
(SflS/ref/dlff 
in) 


MX7575 
(SflS) 


EXTERNAL Till 


MAXl60(4flS) 


MX7574 (lSflS) 


MX7575 (SflS) 
* MX7576 (lOflS) 


MAXl54 (2flS/4-ch/ref) 


MAX155 (3flS/S-ch/ref) 


MAXl56 (3flS/4-ch/ref) 


EXTERNAL Till 


MAX161 (20flS/S-ch) 


MX7S81 (67flS/S-ch) 


MAXl58 (2flS/S-ch/ref) 


MX7824 (2flS/4-ch) 


MX7828 (2flS/S-ch) 


AID CONVERTERS 


FAST CONVERSION 
(<100~) 
(SARIFLASH AIDs) 


SLOW CONVERSION 
(>50ms) 
(SEE INTEGRATING 
AIDs) 


MAX151 (2.5flS/ref) 


MAXl77 (8.33flS/ref) 


I 


* MAX120 (1.6flS/ref) 
MAXl78 (SOflS/ref) 


* MAXl22 (2.6flS/ref) 
* MAX187 (7.SflS/ref) 


MAXl63 (l0flS/ref) 
* MAX189 (7.5flS) 


MAXl64 (l0flS/ref) 
* MAXl90 (7.8flS/ref) 


MAX167 (l0flS/ref) 
* MAX191 (7.SflS/ref) 


* MAX176 (3.SflS/ref/serial) 


EXTERNAL Till 


MAX162 (3.25flS/ref) 


MAXl?O (SflS/ref/serial) 


MAXl71 
(6flS/ref/serial) 


MAXl72 
(l OflS/ref) 


MAX174 (8flS/ref) 


MAXl83 
(3.25flS) 


MAXl84 
(SflS) 


MAX185 (lOflS) 


MX574A (25flS/ref) 


MUL TI-eHANNEL 


MX578 
(3flS/ref) 


MX674A 
(lSflS/ref) 


MX7572-oS (SflS/ref) 


MX7S72-12 (l2flS/ref) 


MX7578 
(lOOflS) 


MX7S72-03 (3.25flS) 


MX7672-oS (SflS) 


MX672-10 
(lOflS) 


* MAXl86 (7.SflS/ref) 
* MAXl88 (7.SflS) 


MAXl80 (8.33flS/ref/S-ch) 


MAX181 (8.33flS/ref/6-ch) 


MAX182 (SOflS/ref/4-ch) 


EXTERNAL Till 


* MAX121 (2flS/ ref) 
* MAXl68 (3.5flS/ ref) 


~1I1~JXI~1I1 


500kspsJ 12·8it Sampling ADCs 
with Tracie/Hold and Reference 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 
7/92 


General Description 


The 
MAX120 
and 
MAX122, 
BiCMOS, 
sampling 
12-bit 
analog-to-digital 
converters 
(ADCs) 
combine 
an on-chip 
track/hold 
(T/H) and a low-drift voltage 
reference 
with fast 
conversion 
speeds 
and 
low power 
consumption. 
The 
T/H's 350ns acquisition 
time combined 
with the MAX120's 
1.611Sconversion 
time results 
in throughputs 
as high as 
500k samples 
per second 
(ksps). 
Throughput 
rates of 
333ksps 
are possible 
with the 2.611Sconversion 
time of 


the MAX122. 


The MAX120/MAX122 
accept 
analog 
input voltages 
from 
-5V to +5V. 
The only external 
components 
needed 
are 
decoupling 
capacitors 
for the power-supply 
and 
refer- 
ence 
voltages. 
The 
MAX120 
operates 
with TTL-com- 
patible 
clocks 
in the 0.1 MHz to 8M Hz frequency 
range. 
The MAX122 accepts 
0.1 MHz to 5MHz clock frequencies. 


The MAX120/MAX122 
employ 
a standard 
microproces- 


sor (I1P) interface. 
3-state data outputs 
are configured 
to 
operate 
with 12-bit data buses. 
Data-access 
and bus- 
release 
timing 
specifications 
are compatible 
with most 
popular 
I1PS without 
resorting 
to wait states. 
All logic 
inputs and outputs 
are TTL/CMOS 
compatible. 


_______ 
Applications 


Digital-Signal 
Processing 


Audio and Telecom 
Processing 


Speech 
Recognition 
and Synthesis 


High-Speed 
Data Acquisition 


Spectrum 
Analysis 


• 
12-Bit Resolution 


• 
No Missing 
Codes Over Temperature 


• 
20ppm'/C, 
-5V Internal 
Reference 


• 
1.611SConversion 
Time/500ksps 
Throughput 


(MAX120) 


• 
2.611SConversion 
Time/333ksps 
Throughput 


(MAX122) 


• 
Low Noise and Distortion: 
70 dB Min 
SINAD; 


-77 dB Max THD (MAX122) 


• 
Low Power Dissipation: 
210mW 


• 
Separate 
Track/Hold 
Control 
Input 


• 
Continuous-Conversion 
Mode Available 


• 
±5V Input Range, Overvoltage 
Tolerant 
to ±15V 


• 
24-Pin Narrow 
DIP and Wide SO Packages 


500ksps 12·8it ADCs with 
Tracie/Hold and Reference 


ABSOLUTE 
MAXIMUM 
RATINGS 


Voo to DGND 
. 
-0.3V to +6V 


Vss to DGND 
. . . . . . . . . . . . . . . . . . . 
+0.3V to -17V 


AIN to AGND 
±15V 


AGND 
to DGND 
. 
. 
±0.3V 
Digital 
Inputs/Outputs 
to DGND 
. 
-0.3V to (Voo + 0.3V) 
Continuous 
Power Dissipation 
(TA = + 70'C) 
Plastic DIP (derate 
8.70mWrC 
above 
+70'C) 
727mW 


SO (derate 
11.76mWrC 
above 
+70'C) 
941mW 
CERDIP (derate 
12.50WrC 
above 
+70'C) 
. 
1000mW 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


Operating 
Temperature 
Ranges: 


MAX12_C_ 
. 
O'C to +70'C 


MAX12_E_ 
-40'C 
to +85'C 


MAX12_MRG 
-55'C 
to + 125'C 


Storage 
Temperature 
Range 
-65'C 
to + 160'C 


Lead Temperature 
(soldering, 
10 see) 
. 
. 
+300'C 


ELECTRICAL 
CHARACTERISTICS 


(Voo = +4.75V 
to +5.25V, 
Vss = -10.8V to -15.75V, 
fCLK = 8M Hz for MAX120 
and 5MHz for MAX122, 
TA = TMIN to TMAX, 


unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
RES 
12 
Bits 


No missing 
codes 
MAX122A 
±3/4 
Differential 
Nonlinearity 
(Note 1) 
DNL 
LSB 
over temp range 
MAX120, 
MAX122B 
±1 


MAX122A 
±3/4 
Integral 
Non-linearity 
(Note 1) 
INL 
LSB 
MAX120, 
MAX122B 
±1 


Code 00 ..00 to 00 .01 transition, 
near AIN = OV 
±3 
LSB 


Bipolar 
Zero Error (Note 1) 


Temperature 
drift 
±O.OO5 
LSBrC 


Full-Scale 
Error (Notes 
1, 2) 
Including 
reference; 
adjusted 
for bipolar 
zero 
±8 
LSB 
error; TA = +25'C 


Full-Scale 
Temperature 
Drift 
Excluding 
reference 
±1 
ppmrC 


VOO only, 5V to ±5% 
±1/4 
±3/4 
Power-Supply 
Rejection 
Ratio 
PSRR 
Vss only, -12V to ±10% 
±1/4 
±1 
LSB 
(Change 
in FS, Note 3) 


Vssonly, 
-15Vto±5% 
±1/4 
±1 


ANALOG 
INPUT 


Input Range 
-5 
+5 
V 


Input Current 
AIN = +5V (approximately 
6kf.l to REF) 
2.5 
mA 


Input Capacitance 
(Note 4) 
10 
pF 


Full-Power 
Input Bandwidth 
1.5 
MHz 


REFERENCE 


Output Voltage 
No external 
load, AIN = 5V, TA = +25'C 
-5.02 
-4.98 
V 


External Load Regulation 
OmA < ISINK < 5mA, AIN = OV 
5 
mV 


MAX12_C/E 
±20 
Temperature 
Drift (Note 5) 
ppm('C 


MAX12_M 
±25 


Voo only, +5V to ±5% 
0.6 


Supply 
Rejection 
VSS only, -12V to ±10% 
0.6 
mV 


Vssonly, 
-15Vto±5% 
0.6 


500ksps, 
12·8it Sampling ADCs 


with Track/Hold and Reference 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Voo = +4.75V 
to +5.25V, 
Vss = -1O.8V to -15.75V, 
fClK = 8MHz for MAX120 
and 5MHz for MAX122, 
TA = TMIN to TMAX, 


unless otherwise 
noted.) 
. 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
PERFORMANCE 
(MAX120: 
fs = 500kHz, 
AIN = ±5Vp-p, 
100kHz, 
Note 4) 
(MAX122: 
fS = 333kHz, 
AIN = ±5Vp-p, 
50kHz, 
Note 4) 


MAX120 
69 
70 


Signal-to-Noise 
Plus Distortion 
S/(N+D) 
dB 
MAX122 
70 
71.5 


Total Harmonic 
Distortion 
MAX120 
-80 
-75 


(First Five Harmonics) 
THD 
dB 
MAX122 
-82 
-77 


MAX120 
75 
80 
Spurious-Free 
Dynamic 
Range 
SFDR 
dB 
MAX122 
77 
82 


Intermodulation 
Distribution 
MAX 120 fA = 98kHz, 
fs = 102kHz 
-75 


(2nd-Order 
Terms) 
IMD 
dB 
MAX122 
fA = 49kHz, 
fs = 51 kHz 
-75 


CONVERSION 
TIME 


MAX120 
1.63 
Synchronous 
tCONV 
13tClK 
!1S 
MAX122 
2.60 


MAX120 
01 
8 
Clock Frequency 
fClK 
MHz 
MAX122 
0.1 
5 


DIGITAL 
INPUTS 
(ClKIN, 
CONVST, 
RD, CS) 


Input High Voltage 
VIH 
2.4 
V 


Input low 
Voltage 
Vil 
0.8 
V 


Input Capacitance 
(Note 4) 
10 
pF 


Input Current 
VIN = OV or Voo 
±5 
!1A 


DIGITAL 
OUTPUTS 
(INT/BUSY, 
D11-DO) 


Output 
low 
Voltage 
VOL 
ISINK = 1.6mA 
0.4 
V 


Output 
High Voltage 
VOH 
ISOURCE = 1mA 
Voo -0.5 
V 


leakage 
Current 
IlKG 
VIN = OVor Voo, D11-DO 
±5 
!1A 


Output Capacitance 
(Note 4) 
10 
pF 


POWER 
REQUIREMENTS 


Positive Supply 
Voltage 
Voo 
Guaranteed 
by supply 
rejection 
test 
4.75 
5.25 
V 


Negative 
Supply 
Voltage 
VSS 
Guaranteed 
by supply 
rejection 
test 
-10.80 
-15.75 
V 


Positive Supply 
Current 
100 
'ioo = 5.25V 
Vss = -15.75V, 
AIN = OV, 
9 
15 
mA 
CS = RD = CONVST 
= OV, MODE = 5V 


Negative 
Supply 
Current 
ISS 
'ioo =....JL25VVss = -15.75V, 
AIN = OV, 
14 
20 
mA 
CS = RD = CONVST 
= OV, MODE = 5V 


Power Dissipation 
'ioo = 5V, Vss = -12V, AIN = OV, 
210 
315 
mW 
CS = RD = CONVST 
= OV, MODE = 5V 


Note 
1: 
These tests are performed 
at Voo = 5V, VSS = -15V. 
Operation 
over supply 
is guaranteed 
by supply 
rejection 
tests. 


Note 2: 
Ideal full-scale 
transition 
is at +5V -3/2lSB 
= +4.9963V, 
adjusted 
for offset error. 


Note 3: 
Supply 
rejection 
defined 
as change 
in full-scale 
transition 
voltage 
with the specified 
change 
in supply 
voltage 
= (FS at nominal 
supply) 
- (FS at nominal 
supply±tolerance), 
expressed 
in lSBs. 


Note 4: 
For design 
guidance 
only, not tested. 


Note 5: 
Temperature 
drift is defined 
as the change 
in output 
voltage 
from +25"C to TMIN or TMAX. It is calculated 
as 


TC = (LlVREF)NREF) 
/LlT) 
/vl/J X I/Vl 
------------------------------- 
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500ksps 12·8it ADCs with 
Tracie/Hold and Reference 


TIMING CHARACTERISTICS 


(VOO = 5V, Vss = -12Vor 
-15V, 100% tested, 
TA = TMIN to TMAX, unless otherwise 
noted.) 
(Note 6) 


TA = +2S"C 
MAX12_ClE 
MAX12_M 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CS to RD Setup Time 
tcs 
0 
0 
0 
ns 


CS to RD Hold Time 
tCH 
0 
0 
0 
ns 


CONVST Pulse Width 
tcw 
30 
30 
30 
ns 


RD Pulse Width 
tRW 
tOA 
tOA 
tOA 
ns 


Data-Access 
Time 
tOA 
CL = 100pF 
40 
75 
100 
120 
ns 


Bus-Relinquish 
Time 
tOH 
30 
50 
65 
80 
ns 


RD or CONVST to BUSY 
tso 
CL = 50pF 
30 
75 
100 
120 
ns 


CLKIN to BUSY or INT 
tS1 
CL = 50pF 
70 
110 
150 
180 
ns 


CLKIN to BUSY Low 
tS2 
In Mode 5 
45 
90 
120 
150 
ns 


RD to INT High 
tlH 
CL = 50pF 
30 
50 
75 
90 
ns 


CL (Data) 
= 


BUSY or INT to Data Valid 
tso 
100RE. 
__ 
20 
30 
35 
ns 
CL (INT, BUSY) 
= 50pF 


Acquisition 
Time (Note 7) 
tAQ 
350 
350 
400 
ns 


Aperture 
Delay (Note 7) 
tAP 
10 
ns 


Aperture 
Jitter (Note 7) 
30 
ps 


Clock Setup/Hold 
Time (Note 7) 
tCK 
10 
50 
10 
50 
10 
50 
ns 


Note 6: 
Control 
inputs 
specified 
with tr = tf = 5ns (10% to 90% of +5V) and timed from a 1.6V voltage 
level. 
Output 
delays 
are 


measured 
to +0.8V if going 
low, or +2.4V if going 
high. 
For bus-relinquish 
time, a change 
of 0.5V is measured. 
See Figures 


1 and 2 for load circuits. 


Note 7: 
For design 
guidance 
only, not tested. 


ADVANCE INFORMATION 
~1I1~JXI~1I1 


Serial-Output,400ksps, 
14-8it ADC 


with Tracie/Hold and Reference 


Pin Configurations 
Functional Diagram DI 


3k 
Voo 


TOP VIEW 
AIN 


AGNO 


3k 
OGNO 


Vss 


MOOE 
-5V 
Voo 
CS 


VREf 


AIN 
CLKIN 


VREf 
4 
CONVST 


SOATA 


AGNO 
SCLK 


INVCLK 
SOATA 


INVfRM 
fSTRT 


9 
SCLK 
fSTRT 
SfRM 


CLKI 


SfRM 


DIP/SO 


All information 
in this data sheet is preliminary 


and subject 
to change. 
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_______ 
General Description 


The MAX121 is a complete, 
serial-output, 
sampling 
14-bit 


analog-to-digital 
converter 
(ADC) that combines 
an on- 


chip track/hold 
(T/H) and a low-drift, 
low-noise, 
buried- 


zener voltage 
reference 
with fast conversion 
speed 
and 


low power consumption. 
The throughput 
rate is as high 


as 
400k samples 
per second 
(ksps). 
The analog 
input 


range is ±5V. 


Fabricated 
with 
a combined 
bipolar 
CMOS 
(SiCMOS) 


process, 
the MAX121 utilizes the successive-approxima- 
tion architecture 
with a high-speed 
DAC to achieve 
both 


fast 
conversion 
speeds 
and 
low-power 
operation. 
Operating 
with +5V and -12V or -15V power 
supplies, 
power consumption 
is only 220mW. 


The only external 
components 
needed 
are decoupling 


capacitors 
for the power-supply 
and reference 
voltages. 


The MAX121 can be directly 
interfaced 
to the serial port 


of most popular 
digital-signal 
processors, 
and come 
in 


space-saving 
16-pin 
DIP 
and 
SO 
packages. 
The 


MAX121 
operates 
with 
TIL-compatible 
clocks 
in the 


O.5MHz to 8M Hz frequency 
range. 
All logic inputs and 


outputs 
are TIUCMOS 
compatible. 


• 
14-Bit Resolution; 
12-Bit Linearity 
Over Temp 


• 
400ksps 
Throughput 


• 
350ns Acquisition 
Time 


• 
±5V Bipolar 
Input Range; 
Overvoltage 
Tolerant 
to ±15V 


• 
220mW 
Power Dissipation 


• 
Continuous-Conversion 
Mode Available 


• 
20ppmf"C, -5V Internal 
Reference 


• 
Interfaces 
to DSP Processors 


• 
16-Pin DIP and SO Packages 


Digital-Signal 
Processing 


Audio and Telecom 
Processing 


Speech 
Recognition 
and Synthesis 


High-Speed 
Data Acquisition 


Spectrum 
Analysis 


Data Loggers 


~1f1~JXI~1f1 


_______ 
General Description 


The MAX132 
is a CMOS, 
18-bit plus sign, serial-output, 
analog-to-digital 
converter 
(ADC). Multi-slope 
integration 


provides 
high-resolution 
conversions 
in less time than 


standard 
integrating 
ADCs, allowing 
operation 
up to 100 


conversions 
per second. 
Low conversion 
noise provides 


guaranteed 
operation 
with ±512mV full-scale 
input range 


(21J.V/LSB). 
A simple 
4-wire 
serial 
interface 
connects 


easily to all common 
microprocessors, 
and twos-comple- 


ment 
output 
coding 
simplifies 
bipolar 
measurements. 
Typical supply current is only 60IJ.Aand is reduced 
to 1IJ.A 


in sleep mode. Four serially programmed 
digital outputs 


can 
be 
used 
to 
control 
an 
external 
multiplexer 
or 
programmable-gain 
amplifier. 
The 
MAX132 
comes 
in 


24-pin 
narrow DIP and wide SO packages, 
and is avail- 


able in commercial 
and extended 
temperature 
grades. 


High resolution, 
compact 
size, and low power make this 
device ideal for data loggers, weigh scales, data-acquisi- 
tion systems, 
and panel meters. 


Remote Data Acquisition 


Battery-Powered 
Instruments 


Industrial 
Process 
Control 


Transducer-Signal 
Measurement 
Pressure, 
Flow, Temperature, 
Voltage, 


Current, 
Resistance, 
Weight 


+5V 


SCLK 
BUF OUT 


EOC 
INTOUT 


DIN 
INT IN 


DOUT 
REF+ 


.NIAXIAII 


MAX132 
REF- 


PO 
AGND 


Pl 
IN La 


P2 
INHI 
+512mV 
INPUT 


P3 
V- 
-5V 


DGND 


OSC2 


• 
Low Supply Current 
60!J.A (Normal 
Operation) 
1IJ.A 
(Sleep-Mode 
Operation) 


• 
±O.006% FSR Accuracy 
at 16 Conv/Sec 


• 
Low Noise: 
15IJ.VRMS 


• 
Serial 
I/O Interface 
with Programmed 
Output for' 


Muxand 
PGA 


• 
Performs 
up to 100 Conv/Sec 


• 
±10pA Input Current 


• 
50Hz/60Hz 
Rejection 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX132CNG 
O'C to +70'C 
24 Narrow Plastic DIP 


MAX132CWG 
O'C to +70'C 
24 Wide SO 


MAX132C/D 
O'C to +70"C 
Dice' 


MAX132ENG 
-40'C 
to +8S'C 
24 Narrow Plastic DIP 


MAX132EWG 
-40'C 
to +8S'C 
24 Wide SO 


MAX132MRG 
-SS'C to + 12S'C 
24 CERDIP" 


• 
Contact 
factory 
for dice specifications. 


•• Contact factory for availability 
and processing 
to MIL -STD-883. 


BUFOUT 


INTOUT 


INT IN 


CREF- 


CREF+ 


REF+ 


REF- 


AGND 


IN La 


INHI 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
V+ to DGND 
-0.3V < V+ < +6.0V 
V- to DGND 
. . . . . . . .. 
+0.3V < V- < -9.0V 
V+toV-. 
+15V 


Analog 
Input Voltage 
(any input). 
. 
V+ to V- 
Digital 
Input Voltage. 
. 
. .... 
(DGND 
- 0.3V) to (V+ + 0.3V) 
Continuous 
Power Dissipation 
Narrow Plastic DIP (derate 8.7Omwrc above +70'C) 
. 
478mW 
Wide SC (derate 11.76mWrCabove+70'C) 
.... 
647mW 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are slress 
ratings 
only. and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operationat 
sections 
of the speclflcahons 
IS not Imptied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V, v- = -5V, DGND 
= AGND 
= IN LO = REF LO = OV, REF HI = 545mV, 
RINT = 602kO, 
CINT = 0.0047IlF, 
CREF = 0.1IlF, 


fCLK = 32,768Hz, 
60Hz mode, TA = TMIN to TMAX, unless otherwise 
noted.) 


Operating 
Temperature 
Ranges: 


MAX132C 
O'C to +70'C 
MAX132E_ 
_ 
-40'C 
to +85'C 
Storage 
Temperature 
Range 
-65'C 
to + 160'C 


Lead Temperature 
(soldering, 
10 sec) 
+300'C 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
±18 
Bits 


TA = +25'C 
0 
+0.0076 
Zero Error 
VIN HI = OV 
%ofFSR 
TA = TMIN to TMAX 
±0.0168 


Integral Nonlinearity 
(Notes 
1, 2) 
TA = +25'C 
±O.0015 
±O.006 
% of FSR 


TA = +25'C 
0 
±0.010 
Rollover 
Error 
(Note 3) 
% of FSR 
TA=TMINtoTMAX 
±O.032 


IN HI to IN LO, for specified 
accuracy 
±512 
mV 


Input Voltage 
Range 
See Typical Operating 
Characteristics 
±2 
V 


TA = +25'C 
±2 
±10 
Leakage 
Current 
IN HI, IN LO 
TA=TMINtoTMAX 


pA 


±12 
±250 


VCM = ±500mV 
±0.009 
±0032 
Common-Mode 
Rejection 
Ratio 
IN HI = IN LO 
% ofFSR 
VCM = ±3.0V 
±0.25 
±O.50 


Common-Mode 
Range 
IN HI = IN LO 
±3.0 
V 


Read-Zero 
50Hz/60Hz 
Range 
±3.1 
%ofFSR 


RMS Noise 
TA = +25'C 
15 
IlV 


Zero-Reading 
Drift 
(Note 2) 
±0.15 
±1.5 
ppmrC 


Scale Factor Temp. Coefficient 
(Note 2) 
±5 
ppmrC 


POWER 
REQUIREMENTS 


Positive Supply 
Voltage 
4.5 
5.5 
V 


Negative 
Supply 
Voltage 
-5.5 
-4.5 
V 


Positive Supply 
Rejection 
VIN HI = 400mV, 
V- = -5.0V, 
TA = +25'C 
±0003 
±O.0061 


4.5V :5V+ :55.5V 
TA=TMINtoTMAX 


% of FSR 
±0.003 
±0.0168 


Negative 
Supply 
Rejection 
VIN HI = 400mV, 
V+ = 5.0V, 
TA = +25'C 
±O.003 
±0.0061 
-5.5V:5 V- :5-4.5V 
TA = TMIN to TMAX 
% of FSR 
±0.003 
±0.0168 


Positive Supply 
Current 
Digital 
input = OV or V+ 
60 
125 
IlA 


Negative 
Supply 
Current 
Digital 
input = OV or V+ 
-35 
-65 
IlA 


Digital Ground 
Supply 
Current 
Digital 
input = OV or V+ 
-25 
-60 
IlA 


Positive Sleep-Mode 
Current 
Digital 
input = OV or V+ 
1 
10 
IlA 


Negative 
Sleep-Mode 
Current 
Digital 
input = OV or V+ 
-1 
-10 
IlA 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
=- 


(V+ = 5V, v- = -5V, 
DGND 
= AGND 
= IN LO = REF LO = OV, REF HI = 545mV, 
RINT = 602kn, 
CINT = 0.0047IlF, 
CREF = O.lIlF, 
~ 
fCLK = 32,768Hz, 
60Hz mode, 
TA = TMIN to TMAX, unless otherwise 
noted.) 
~ 
)< 
•••• 
J:: 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
SECTION 


DOUT, 
lOUT = -lmA 
3.5 
4.3 


Output 
High 
VOH 
DOUT, 
lOUT = -1OOIlA 
4.0 
4.5 
V 


EOC, PO-P3, lOUT = -1001lA 
4.0 
4.7 


DOUT, 
lOUT = 1.6mA 
0.1 
0.4 
Output 
Low 
VOL 
V 


EOC, PO-P3, lOUT = 100llA 
0.1 
0.4 


Input High 
VIH 
Referred 
to DGND, 
4.5V ~ V+ ~ 5.5V, CS, DIN, ScLK 
2.4 
V 


Input Low 
VIL 
Referred 
to DGND, 
4.5V ~ V+ ~ 5.5V, CS, DIN, ScLK 
0.8 
V 


Input Current 
IIN 
CS, DIN, ScLK, and DOUT when three-stated 
±10 
±500 
nA 


Input Capacitance 
CIN 
CS, DIN, ScLK, and DOUT when three-stated 
5 
pF 


INTERFACE 
TIMING 


(Test Circuit 
of Figure 
1, Figure 
2, V+ = 5V, V- = -5V, DGND = AGND = OV, TA = +25'C, 
unless otherwise 
noted.) 
(Note 2) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CS Lead Time 
t1 
500 
ns 


CS Lag Time 
t2 
400 
ns 


SCLK High Time 
t3 
400 
ns 


SCLK Low Time 
t4 
300 
ns 


CS High Pulse Width 
ts 
1 
Ils 


DIN to SCLK Setup Time 
t6 
0 
ns 


DIN to ScLK Hold Time 
t7 
200 
ns 


DOUT Access 
Time from Three- 
t8 
See Figure 3 
320 
ns 
State 


Data Valid 
t9 
60 
ns 


DOUT Disable 
Time to Three-State 
t10 
See Figure 4 
320 
ns 


Delay to PO-P3 High 
t11 
230 
350 
ns 


Delay to PO-P3 Low 
t12 
230 
350 
ns 


Note 
1: 
Maximum 
deviation 
from best straight-line 
fit. 


Note 2: 
Guaranteed 
by design, 
not tested. 
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Figure 
1. 
Test and Typical Application 
Circuit 
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__________________________ 
Pin Description 
_ 


PIN 
NAME 
FUNCTION 


- 
CHIP SELECT Input has 3 functions: 
1) When low, selects 
IC for communication; 
2) on rising edge, 


1 
CS 
loads 
input shift register 
data into one of the command 
registers; 
3) on falling 
edge, 
loads data from 
one of the output 
registers 
into the output 
shift register. 


2 
DIN 
Serial Data In, D7 first bit in. 


3 
DOUT 
Serial Data Out, D7 first bit out. 
CS controls 
the three-state 
output 
condition. 


4 
SCLK 
Serial Clock 
Input. 
On SCLK'S rising edge, 
data is shifted 
into the internal shift register 
through 
DIN. 
On 


SCLK'S falling edge, 
data is clocked 
out of DOUT. 


5 
OSC2 
Oscillator 
Output 
2 is normally 
connected 
to a 32,768Hz 
crystal. 
No connection 
with external 
clock. 


6 
OSC1 
Oscillator 
Input 1 is normally 
connected 
to a 32,768Hz 
crystal, 
or may be connected 
to an external 
clock. 


7 
PO 
User-programmable 
output 
bit 0 - programmed 
through 
the serial port 


8 
P1 
User-programmable 
output 
bit 1 - programmed 
through 
the serial port 


9 
P2 
User-programmable 
output 
bit 2 - programmed 
through 
the serial port 


10 
P3 
User-programmable 
output 
bit 3 - programmed 
through 
the serial port 


11 
EOC 
End of Conversion 
Output 
goes high at end of conversion. 


PIN 
NAME 
FUNCTION 


12 
DGND 
Digital Ground 
- power-supply 
return 


13 
v- 
Negative 
Supply, 
nominally 
-5V 


14 
IN HI 
Positive Analog 
Input 


15 
IN LO 
Negative 
Analog 
Input 


16 
AGND 
Analog 
Ground 


17 
REF- 
Negative 
Reference 
Input 


18 
REF+ 
Positive Reference 
Input 


19 
CREF+ 
Positive Reference 
Capacitor 
connection 


20 
CREF- 
Negative 
Reference 
Capacitor 
connection 


21 
INTIN 
Integrator 
Input 


22 
INTOUT 
Integrator 
Output. 
To minimize 
noise, this pin should 
drive the capacitor's 
outside 
foil (negative 
end). 


23 
BUFOUT 
Buffer-Amplifier 
Output drives the integrator 
resistor. 


24 
V+ 
Positive 
Supply, 
nominally 
+5V 


______ 
Functional Description 


The 
MAX132 
integrates 
the 
input 
voltage 
for a fixed 
period 
of time, 
then 
deintegrates 
a known 
reference 
voltage 
and measures 
the time required 
to reach zero. 
Good 
line rejection 
is achieved 
by setting 
the 
(input) 


integration 
time equal to one 50Hz or 60Hz period. 
The 
MAX132 
has a 50Hz/60Hz 
mode 
selection 
bit that sets 
the integration 
time to 655/545 clock periods, 
respective- 
ly, 
so 
that 
50Hz/60Hz 
rejection 
is obtained 
with 
a 
32,768Hz 
crystal. 
The MAX132 is tested and guaranteed 
at a 16 conv/sec 
throughput 
rate. 
Figure 
1 shows 
the 
basic MAX132 application 
circuit, with component 
values 
selected 
for 16 conv/sec. 


For applications 
that don't 
require 
50Hz/60Hz 
rejection, 
the MAX132 will operate 
up to 100 conv/sec 
at reduced 


accuracy 
(typically 
0.012% FSR nonlinearity, 
or ±13 bits). 
In these 
applications, 
the 50Hz mode 
is recommended 


because 
of its longer 
(655 count) 
integration 
time. 
See 
Increased 
Speed section. 


____ 
Analog Design Procedure 
Input Voltage Range 


The differential 
input voltage 
is applied 
across 
pins 
14 


and 15 (IN HI, IN LO). Performance 
is tested and guaran- 


teed at ±512mV 
full scale, 
corresponding 
to a 2!!V/LSB 


resolution 
at 18 bits. 
In general: 


Resolution 
[Volts/LSB] 
= VIN (FS) /262,144 


For larger 
differential 
input 
ranges, 
consult 
the Typical 


Operating 
Characteristics 
section. 
Also note in that sec- 


tion 
how 
accuracy 
depends 
on 
common-mode 
input 


voltage 
(common-mode 
is defined 
here 
as VIN LO - 


AGND). 
The input voltage 
at IN HI and IN LO should 
not 


come within 2V of either the positive 
of negative 
supply. 


Reference 
Voltage Selection 


Choose the reference 
voltage 
based on the input voltage 


range and the mode (50Hz/60Hz): 


60Hz Mode: 
VREF = (545 counts) 
(512) (VIN (FS)) 


262,144 


50Hz Mode: 
VREF = (655 counts) 
(512) (VIN (FS)) 


262,144 


For 512mV full scale, a 545mV reference 
voltage 
is used 


for the 60Hz 
mode 
and 
a 655mV 
reference 
voltage 
is 


used for 50Hz mode. 
The MAX872 is a 10!!A supply-cur- 


rent, 2.50V 
reference 
that is ideally 
suited 
for MAX132 


operation. 
Figure 7 shows how 2.50V can be divided 
to 


obtain 
the 
desired 
reference 
voltage. 
The 
reference 


input accepts 
voltages 
anywhere 
within the converter's 


power-supply 
voltage 
range; 
however, 
for best 
perfor- 


mance, 
neither REF+ nor REF- should 
come within 2V of 


the supplies. 


Crystal Frequency 


The crystal 
frequency 
sets the conversion 
rate. 
Use a 


32,768Hz 
crystal 
frequency 
for applications 
that re- 


quire 50Hz or 60Hz line rejection. 
This frequency 
yields 
16 conv/sec. 
The same clock frequency 
can be used to 


reject 
both 
line frequencies 
because 
the 
MAX132 
in- 
tegrates 
for a different 
number of clock cycles 
in its 50Hz 


and 60Hz modes. 
In each case, the MAX132 integrates 
for a single complete 
line cycle (20ms for the 50Hz mode, 


16.67ms for the 60Hz mode). 


Figure 6 shows the internal oscillator 
drive circuitry 
used 


with external 
crystals. 


Refer to the 
Increased 
Speed 
section 
for operation 
at 


higher conversion 
rates. 


Manufacturers 
of miniature 
quartz crystals 
include: 


Seiko Instruments 
(USA) 
Phone (213) 517-7833 
FAX 
(213)517-7792 
Micro Crystal (Switzerland) 
Phone +41 (65) 512111 
FAX 
+41 (65) 530557 


Integrator 
Components 


The 
MAX132 
requires 
an integrator 
resistor 
(RINT) and 


capacitor (CIND, a reference capacitor (CREF), and a crystal. 
All MAX132 tests are performed 
with a 32,768Hz 
crystal 
frequency. 
The crystal frequency, 
reference 
voltage, 
and 


integrator current determine the values of RINT and CINT. 


.MAX •.M 


MAX132 


J~~~U! 
_ 


TO 


DIGITAL 
SECTION 


Integrator 
Resistor 


The integrator 
resistor sets the maximum 
integrator output 


current 
for the 
integrate 
phase. 
A 602kn 
metal-film 
in- 
tegrator 
resistor 
is recommended 
for use with reference 
voltages 
between 
545mV 
and 
655mV. 
Best 
linearity 
is 


achieved 
when integration 
current (lINT) does not exceed 


2.0~. 
For other reference voltages, select RINT as follows: 


RINT = VREF. 
0.5~ 
< liNT < 20l!A 
~ 
liNT' 
__ 


Integrator 
Capacitor 


The 
oscillator 
frequency, 
integrator 
resistor, 
and 
in- 
tegrator 
capacitor 
set the maximum 
integrator 
output- 
voltage 
swing 
for 
full-scale 
reading. 
The 
integrator 
voltage swing is about 3V with a 602kn 
integrator 
resistor 


and a 4.7nF integrator 
capacitor 
when the clock frequen- 


cy is 32,768Hz. 
If different 
clock 
frequencies 
are used, 


select CINT using the following 
equations: 


CINT = 
(VIN(FS) (tiNT). 
1V < VSWING < 3.5V 
(RIND 
(VSWING), 


545 
tiNT = -f - 
for 60Hz mode; 


OSc 
655 
tiNT = -f - 
for 50Hz mode 


OSC 


The 
integrator 
capacitor's 
dielectric 
absorption 
directly 


affects 
integral 
nonlinearity. 
High-quality, 
metal-film 


capacitors 
are recommended 
in the following 
order 
of 
preference: 
polypropylene, 
polystyrene, 
polycar- 


bonate, 
and 
polyester 
(Mylar). 
The polyester 
capacitor 


will generate 
some integral 
nonlinearity. 


Reference Capacitor 


The reference 
capacitor 
value must be small enough 
to 


fully charge 
from a discharged 
state on power-up 
in the 


desired 
time, and large enough 
so the charge 
does not 


droop 
excessively 
during 
a conversion. 
The reference 


capacitor 
is normally 
0.11lF for all oscillator 
frequencies. 
For applications 
that require a physically smaller capacitor, 


the equation 
below will maintain CREF proportionality. 


CREF = 0.0033 


fOSC 


The reference capacitor 
must have low leakage, 
since 
it 


stores 
the 
reference 
voltage 
while 
floating 
during 
the 


deintegrate 
phase. Any leakage or charge 
loss during this 


phase changes 
the scale factor, and will cause an error. 
Appropriate 
metal-film 
capacitors 
recommended 
for their 


low-leakage 
characteristics 
(in 
this 
order) 
are 


polypropylene, 
polystyrene, 
polycarbonate, 
and 


polyester. 
At 
temperatures 
above 
+85°C, 
capacitor 


leakage 
may affect accuracy. 
In such cases, increasing 


the value of CREF will help. 


The main source of rollover voltage error is common-mode 
voltage, which is caused 
by the reference capacitor 
losing 


or gaining 
charge 
to stray capacitance. 
A positive signal 


with a large common-mode 
voltage 
can cause the refer- 


ence capacitor 
to gain charge 
(increase voltage). 
In con- 


trast, the reference 
capacitor 
will lose charge 
(decrease 
voltage) 
when deintegrating 
a negative 
input signal. 
Rol- 
lover error is a direct result of the difference 
in reference to 


r--r+sv 


SpF 
SpF 


1M 


OSCl 


6 0 


lS0k 


OSC2 


S 


positive 
or negative 
input 
voltages. 
Use 
an optimum 


reference 
capacitor 
to hold rollover error under one-half 


count 
for worst-case 
conditions. 
A common-mode 
volt- 


age near or at AGND minimizes 
rollover error caused 
by 


these sources. 
________ 
Digital Interface 


Serial data at DIN is sent in 8-bit packets 
and is shifted 


into the internal 8-bit shift register 
with each rising edge 


of SCLK. The data is then latched 
into either 
command 


input register 
0 or command 
input 
register 
1, as deter- 


mined by the LSB of the data sent, and is latched 
on the 


rising edge of CHIP SELECT (CS). Data is clocked 
out of 


the selected 
output register on each falling edge of SCLK. 


D7(MSB) 
must be the first data bit to be shifted 
in and is 


the first bit to be shifted out. 


Because 
data is shifted 
out at the same time command 


data is shifted 
in, command 
data must be clocked 
in on 


the previous 
8-bit read-write 
cycle to receive 
conversion 


data in the present 
cycle. 


Since 
there 
is no internal 
power-on 
reset, 
initialize 
the 


MAX132 
immediately 
after 
power-up 
to insure 
correct 
operation. 


Table 
1 defines 
each 
bit of five registers: 
the two com- 


mand input registers, 
output register 
0, output register 
1, 


and the status output 
register. 
Command Input Register 0 


Register-Set 
Bits 


Data bits D1 and 
D2 of command 
register 
0 (RS1 and 


RSO) determine 
the data to be read 
on the data 
bus. 


These bits select which 
register 
outputs 
data to the bus. 


Table 
2 defines 
the 
bit values 
that 
determine 
which 


register 
is read on the next cycle (see Figure 8). 
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Figure 
7. 
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MAX872 
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the MAX132's 
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Cycle 3 


SET UP WRITE 


INSTRUCTION 


Read-Zero 
Bit 


The 
read-zero 
bit 
allows 
the 
AOC 
to 
calibrate 
on 
command 
for zero offset. 
The read-zero 
bit, when set 


to 1, internally 
shorts 
the inputs; 
when a start-conver- 


sion 
command 
is given, 
the zero 
error 
is converted. 
Subtract 
the results 
from the standard 
external 
meas- 


urement 
conversion 
when 
the 
read-zero 
conversion 


ends. 
If the 
read-zero 
bit is set to 0, the 
converter 
measures 
the voltage 
between 
IN HI and 
IN LO once 
a start 
bit 
is given. 
Take 
a new 
zero 
reading 
peri- 


odically 
and whenever 
the ambient 
temperature, 
the 
reference 
voltage, 
or the common-mode 
input voltage 
are changed. 


Averaging 
multiple 
read-zero 
measurements 
provides 
the most accurate 
read-zero 
value. 


Sleep Bit 


When the sleep 
bit is set to 1, and 
1 is written 
to 05 in 


command 
input 
register 
0, the low-power 
sleep 
mode 


starts when EOC = 1. In sleep mode, the supply 
current 
is typically 
1mA, the oscillator 
shuts down, and data can 
be read. When sleep mode 
is released, 
the analog 
cir- 


cuitry needs time to stabilize 
before the next conversion 


starts. 
Accomplish 
this by writing a separate 
instruction 


to emerge 
from sleep mode, 
and wait at least one con- 


version cycle 
before writing 
a start instruction. 


50Hz/60Hz 


With 
a 32,768Hz 
crystal, 
the 
50Hz/60Hz 
bit sets 
the 
integrate 
period 
equal 
to one line cycle 
for 50Hz/60Hz 


environments. 
When 06 (in command 
input register 
0) is 
set to 0, the integrate 
count is an integer multiple 
of 60Hz 
(32,768Hz/60Hz 
= 546 counts). 
When 06 is set to 1, the 
integrate 
input 
count 
is an 
integer 
multiple 
of 50Hz 


(32,768Hz/50Hz 
= 655 counts). 
Achieve the greatest AC 
rejection by adjusting the integration period for 50Hz or 60Hz. 


Start Conversion 
Bit 


The start conversion 
bit (07) 
in command 
input register 


o initiates 
a conversion 
when 
set to 
1. The 
MAX132 


Table 2" Register Set-Bit Definitions 


RSO 
RS1 
DEFINITIONS 


0 
0 
Selects 
register 
0; output 
for data bits B3-B10 


1 
0 
Selects register 1; output for data bits B 11-B18 


Selects 
register 
2; output 
for status 
bits 
0 
1 
BO-B2, polarity, 
sleep, 
integrating, 
EOC and 
collision 
bit 


1 
1 
Invalid data 


DATA BIT 


REGISTER 
07 
06 
05 
04 
03 
02 
01 
DO 


"1" 
Start 
50Hz 
Sleep 
Read Zero 
Don't 


Command 
Input 
Convert 
Care 


Register 
0 
RSO" 
RS1" 
0 


"0" 
Returns to 
60Hz 
Awake 
Read VIN 
Don't 
o atEOC 
Care 


Command 
Input 
SetP3 
SetP2 
SetP1 
Set PO 
Don't 
Don't 
Don't 
1 
Register 
1 
Output 
Output 
Output 
Output 
Care 
Care 
Care 


Output 
Re~ister 0 
B10 
B9 
B8 
B7 
B6 
B5 
B4 
B3 
RS1 =O,R 
0=0 


Output 
Re~ister 1 
B18 
B17 
B16 
B15 
B14 
B13 
B12 
B11 
RS1 = 0, R 0 = 1 
MSB 


Output 
Status 
"1" 
Collision 
EOC 
Integrating 
Sleep 
- Polarity 
Input 
BO 
Register 
B2 
B1 
LSB 
RS1 = 1, RSO = 0 
Not 
"0" 
No Collision 
Converting 
Integrating 
Awake 
+ Polarity 


"NOTE: 
REFER TO TABLE 2. 
/~I/JXI/~I 


immediately 
starts a conversion, 
stops at conversion 
end, 


and then waits 
for the next start-bit 
command. 
A start 
instruction 
is needed 
to initiate each conversion. 


To initiate a continuous 
data stream, write a separate 
start 
command 
for each conversion 
in three ways: 


1. Wait longer 
than a known 
conversion 
time and then 
write another 
start command. 


2. Poll either the EOC status register 
bit or the EOC line 
to determine 
conversion 
end and start time for the next 


conversion. 
EOC becomes 
1 at conversion 
end at 
count 0000 of the conversion 
counter 
(Figure 9). 


3. Set the start bit to 1 before 
a conversion 
end. 
The 


internal 
conversion 
counter 
is then 
checked 
for its 
count. If the count is 0000 (EOC = 1), a new conversion 
starts and the conversion 
counter 
is set to 0001. 
The 
start bit resets to a after 5 clock 
cycles. 
The MAX132 
will not check 
the start bit again 
until the conversion 
counter 
returns to a 0000 count. 
This means 
a start 
command 
can be given 
any time after 0005 internal 


conversion 
count; the next conversion 
starts when the 


counter 
returns to 0000. 


Command Input Register 1 


User-Programmable 
Output Bits PO to P3 


Command 
input register 
1 always 
has data bit DO = 1. 


Data bits D4 to D7 of command 
register 
1 control 
the 


RESET 
60Hz 
OO~Ol 
INTSTART 
0111 


I 


INTEGRATE 


ZEROINT 
50Hz 


655 


545 
60Hz 


CHOP 


651667 


states of the user-programmable 
output 
pins PO to P3, 


respectively 
(see Table 
1). 
These four outputs 
can be 
used to control 
an external 
multiplexer, 
programmable- 
gain amplifier, 
or other devices. 


Output Registers 


Register 0 


Register a contains the low-byte (bits 83-810) 
conversion 
data. New data is available 
after EOC goes high. Access 


register a by setting RSO and RS1 to O. Output data is the 
sum of system 
offset (read 
zero) plus the results 
of the 


external 
input voltage 
measurement. 


Register 
1 


Register 
1 contains 
the high-byte 
(bits 
811-818) 
data. 


Data is in a twos-complement 
format, where the polarity 


bit is a 1 for negative 
polarity 
data. Access 
register 
1 by 
setting control 
bits RSO = 1 and RS1 = a when writing 
to 


the command 
input register. 


Status Register 


The 80, 81, and 82 bits are located 
in the status register. 


At the end of each conversion 
these bits are updated 
and 


read back from the status register. 
For full 18-bit resolu- 


tion, use bits 80-82. To stabilize the result of these 18 bits, 
use an averaging 
technique. 
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Bits 
Resolution 
Soft Overrange 
Hard Overrange 


Used 
Bits 
Start Value 
Maximum 
Value 


818-83 
±15 
34,880 
43,805 


818-82 
±16 
69,760 
87,610 


818-81 
±17 
139,520 
175,220 


818-80 
±18 
279,040 
350,440 


The integrate 
(INT) bit is set to 1 at the beginning 
of the 


integration 
phase and becomes 
0 at the end. 
Poll INT to 


determine 
the earliest 
time the 
input 
can 
be changed 


without affecting 
the conversion. 


The 
end-of-conversion 
(EOC) 
bit 
signals 
conversion 


status. 
If EOC is 1, the conversion 
is complete 
and the 


ADC waits in zero-integrate 
mode at time = 0000 for the 


next start instruction. 
A conversion 
cycle has 2048 counts. 


EOC becomes 
1 at count 0000 and 0 at count 0001. 


The collision 
bit warns the microprocessor 
(I!P) that the 


register's 
data was changed 
during 
the read cycle. 
A 


collision 
occurs 
if the internal result latches on the falling 


edge of CS, causing 
the collision 
bit to be set to 1 on the 


rising edge 
of the next CS. This occurs 
because 
these 


two pulses are asynchronous. 
Once the status register 
is 


read, the collision 
bit is reset to O. To determine 
collision 


status, 
read the status 
register 
collision 
bit before 
and 


after reading 
output 
registers 
0 and 1. 


Collisions 
will not occur 
if a conversion's 
read cycle 
is 


completed 
before the next conversion 
begins. 


Sequence 
Counter and Results Counter 


A binary sequencing counter controls the conversion phase's 
sequencing (or timing). In integrate phase, both start and stop 
occur 
at preset counts. The deintegration 
phases start at 


predetermined 
counts, but are terminated 
when the com- 


parator detects zero crossing at the integrator output. 


The results counter 
accumulates 
counts 
during 
all dein- 


tegrate 
phases. 
It is an up/down 
binary counter, 
with the 


count direction 
determined 
by the deintegration 
polarity. 


In the first deintegrate 
phase, the results counter 
counts 


by 
512. 
Since 
the 
second 
deintegrate 
phase 
dein- 


tegrates 
a residual 
voltage 
multiplied 
by 8, the results 


counter 
increments 
or decrements 
by 64 during 
this 


phase. 
It increments 
or decrements 
by 8 during 
the 


third 
deintegrate 
phase, 
and 
by 
1 during 
the 
fourth 


deintegrate 
phase. The results counter 
content transfers 


to the results register 
at each conversion 
end. 


Overrange Indication 


818 
is not strictly 
an overrange 
bit. 
This 
19th bit is 


necessary 
to exploit 
the converter's 
full range, 
and to 


ensure 
that a full 18-bit 
result can be achieved 
after a 


zero reading 
has been deducted. 


The actual overrange 
value is a function 
of the number 
of 


bits of resolution 
used. Table 3 lists the overrange 
values 


for different 
resolutions. 


The MAX132 has two overrange 
levels (Figure 9). The first 


level is a soft overrange 
that is set by the user. Overrange 


is arbitrarily 
set 
at a value, 
preferably 
less 
than 
the 


279,040 
(including 
any zero offset) raw counts 
soft limit. 


A nonlinearity 
step of about 64 counts occurs at raw count 


279,040 
and again at 330,240 
counts. 


The second 
level is a hard over range 
with a maximum 
value of 350,440 
counts. 
Attempts 
to deintegrate 
values 


greater 
than this will result in a value of 350,440 
counts. 


_______ 
Conversion Phases 


For an explanation 
of conversion 
phases, 
refer to Figures 


5 and 9. 
Integrate 
Phase 


The MAX132 
integrates 
the input signal 
by connecting 


the integrator's 
noninverting 
input to IN LO, and the buffer 


input to IN HI. The integration 
period 
is 545 counts 
for 


60Hz mode and 655 counts for 50Hz mode. 


Deintegrate Phase 


The integrator 
capacitor's 
voltage 
polarity 
at the end of 


integrate phase determines the polarity of the first deintegra- 
tion phase. The first deintegration 
phase ends 
when the 


comparator 
detects that the integration capacitor 
has been 


discharged. The MAX132 then goes into a rest phase, where 
both the buffer input and the integrator's noninverting 
input 


are connected 
to AGND, integrating the system offset. 


Near the end of the maximum allowable deintegration period, 
the integrator capacitor 
voltage polarity is again sampled, 


resulting in either a positive or negative deintegrate cycle. 


Rest Phase 


A rest phase follows each deintegrate phase. Rest phase starts 
when the integrator crosses zero and ends when the maximum 
count for that deintegration 
phase has been reached. 


First Times-Eight Phase 


When the zero crossing 
is detected 
at the end 
of the 


deintegrate 
phase, deintegration 
continues 
until the next 


clock cycle. This causes the integrator 
to overshoot 
zero 


crossing 
slightly, 
leaving 
a small residual 
voltage 
on the 


integration 
capacitor. 
The first times-eight 
(X8) phase 


inverts and multiplies 
this residual 
by a factor of 8. 


Second Deintegrate 
Phase 


The second deintegrate 
phase deintegrates 
residual volt- 


age on the integration 
capacitor 
that has been through 


the X8 phase. 
Since the voltage 
across 
the integration 


capacitor 
has been multiplied 
by 8, each deintegration 


clock cycle corresponds 
to 1/8 of one clock cycle during 


the first deintegration. 


- 


Additional 
Times-Eight 
and Deintegrate 
Phases 


At the end of the second 
and third deintegration 
phases, 
the device 
performs 
a X8 multiplication 
of the residual 


voltage 
left on the integration 
capacitor. 
After each of 
these X8 multiplications, 
a deintegration 
occurs, resulting in 
a second, third, and fourth deintegration 
phase. Each time 
the residual voltage on the integration capacitor is multiplied 
by 8, the following deintegration 
has 8 times finer resolution. 


Zero-Integrate 
Phase 


The 
zero-integrate 
phase 
zeros 
out 
the 
integrator 
to 
prepare 
for the next integration 
(Figure 
9). This phase 
occurs 
at the beginning 
and end of each conversion. 
At 


power-up, 
or in the hold mode prior to a conversion, 
the 
MAX132 
continues 
to zero integrate 
until a conversion 
starts. 
When a conversion 
starts in 60Hz mode, another 


111 clocks 
of zero integrate 
are completed 
before 
the 
beginning 
of a conversion. 
In 50Hz 
mode, 
only 
one 
additional 
zero integrate 
is performed 
before the conver- 


sion starts. 
An additional 
20 clocks 
of zero 
integrate 
occur 
at each conversion 
end. 


____ 
Applications 
Information 
Increased 
Speed 


The MAX132 
is tested 
with a 32, 768Hz clock frequency, 


which 
results 
in 16 conv/sec. 
Up to 96 conv/sec 
may 


be achieved 
with 
higher 
clock 
frequencies 
and some 


changes 
in component 
values, 
as shown 
in Table 
4. 


Operation 
at higher conversion 
rates reduces 
accuracy, 


and care must be taken to get the best results 


Although 
either the 50Hz or 60Hz mode 
can be used, 


complete 
rejection of 50Hz or 60Hz normal-mode 
noise at 
conversion 
rates above 
16 conv/sec 
is impossible. 
Use 
the 50Hz mode when operating 
at more than 16 conv/sec, 
irrespective 
of the local line frequency. 
The 50Hz mode 
uses a slightly longer integration time than the 60Hz mode, 
and generally 
gives lower-noise 
performance. 


Table 
4 lists 
the 
crystal 
frequencies 
and 
integrating 
capacitor 
values 
for 
the 
50Hz 
and 
60Hz 
modes 
for 
various 
conversion 
rates, 
although 
the 
50Hz 
mode 
is 
recommended 
for clock 
rates above 32,768Hz. 


The raw data can be used where highest accuracy 
is not 
required, 
and the least significant 
bits can be ignored. 


Improvements 
in accuracy 
can be gained 
by averaging 
both the data and the zero readings, although data averag- 
ing compromises 
the converter's 
speed performance. 


To maximize 
throughput, 
take zero readings 
only when 
necessary, 
i.e. when the common-mode 
voltage 
chan- 
ges. 
It is not normally 
necessary 
to take a zero reading 
after every 
data reading, 
and an excessive 
number 
of 


zero readings 
reduces 
the converter's 
effective 
speed. 


Noise Reduction 


To minimize 
noise, 
each 
supply 
must 
be bypassed 
to 


GND with a 0.1fJ.Fcapacitor. 
A ground 
plane should also 


be placed 
under 
the analog 
circuitry. 
To minimize 
the 


coupling 
effects 
of stray capacitance, 
keep digital 
lines 


as far from analog 
components 
and 
lines as possible. 


Also, connect 
the integrator 
capacitor's 
outside foil to the 


INT OUT pin to minimize 
stray capacitive 
coupling. 
If 


possible, 
keep 
the 
digital 
interface 
inactive 
while 
the 


MAX132 is converting. 


Table 4. Crystal Frequencies 
and 
Integrator 


Capacitors 
for 50Hz to 60Hz Operation 


Convl 
Hz 
CINT/60Hz 
CINT/50Hz 
R 


See 
(pF) 
(pF) 
(kil) 


16 
32,768 
4700 
6800 
602 


32 
65,536 
2700 
3300 
602 


48 
98,304 
1800 
2000 
602 


64 
131,072 
1200 
1500 
602 


80 
163,840 
1000 
1200 
602 


96 
196,608 
820 
1000 
602 


CREF- 


CREF+ 


OSC1 
PGO 


.186" 


(4.72mm)L: 


~III~JXI~III 


15·8it ADC with Parallel Interlace 


_______ 
General Description 


The MAX135 
is a CMOS 15-bit, binary-output 
analog-to- 
digital converter 
(ADC). 
Multi-slope 
integration 
provides 
low-noise 
and 
high-resolution 
conversions 
in less time 


than standard 
integrating 
ADCs: 
The MAX135 
is tested 


at 16 conversions 
per second, 
but operates 
at up to 6 


times that rate. The MAX135 uses Super LSBswith 
data 
averaging 
to achieve 
18-bit resolution. 


Supply current 
is 125~ 
maximum 
during 
normal opera- 


tion and only 10l!A maximum 
in sleep mode. 
Low con- 


version 
noise allows tested 
operation 
at only 300mV full 


scale 
(151!V per LSB). 
A simple 
8-bit parallel 
data bus 


and 
three 
control 
lines easily 
interface 
to all common 


microprocessors, 
and twos-complement 
output 
coding 


simplifies 
bipolar 
measurements. 


High 
resolution 
and 
compact 
size make the MAX135 


ideal for data loggers, 
numerical 
control 
systems, 
weigh 


scales, data-acquisition 
systems, 
and panel meters. The 
MAX135 comes 
in 28-pin 
DIP and SO packages 
in both 


commercial 
and extended 
temperature 
grades. 


Data Acquisition 


Battery-Powered 
Instruments 


Control Applications 


Analog-Signal 
Measurement 


Pressure, 
Flow, Temperature, 
Voltage, 


Current, 
Resistance, 
Weight 


BUF OUT 


INTOUT 
-...XUM 
INTIN 
MAX135 
REF+ 


REF- 


AGNO 


IN La 


IN HI 


v- 


DGND 
OSC2 


CS 
AD 


\VA 


EOC OSC1 


• 
15-Bit, Multi-Slope 
Integrating 
ADC 


• 
151!V Resolution 
at 16Conv/Sec 


• 
Low Supply Current 
- 1251!A Max (Normal 
Operation) 


- 10l!A Max (Sleep-Mode 
Operation) 


• 
±O.005% Accuracy 
at 16 Conv/Sec 


• 
3 Super Bits for 18·Bit Resolution 


• 
Low Noise - Operates 
at 300mV 
Full Scale 


• 
Easy I!P Interface 
- 8·Bit Parallel 
Data Bus 


• 
±10pA 
Input Leakage 
Current 


• 
Small 28-Pin 
DIP and SO Packages 
______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX135CPI 
O'C to +70'C 
28 Plastic 
DIP 


MAX135CWI 
O'C to +70'C 
28 Wide SO 


MAX135C/D 
O'C to +70'C 
Dice" 


MAX135EPI 
-40'C 
to +85'C 
28 Plastic 
DIP 


MAX135EWI 
-40'C 
to +85'C 
28 Wide SO 


BUF OUT 


INT OUT 


INTIN 


CREF- 


CREF+ 


REF+ 


REF- 


AGND 


IN La 


AGND 


INHI 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 


V+ to DGND 
, . 
-0.3V < V+ < +6.0V 


V- to DGND 
+0.3V < V- < -9.0V 


V+ to V- 
+15V 


Analog 
Input Voltage 
(any input) 
. 
. . V+ to V- 


Digital 
Input Voltage. 
. . (DGND 
- 0.3V) to (V+ + 0.3V) 
Continuous 
Power Dissipation 
(TA = + 70'C) 
28-Pin Plastic DIP (derate 9.00mwrc 
above +70'C) . . 
786mW 


28-Pin Wide SO (derate 
12.50mW/"C 
above 
+70'C) 
688mW 


O'C to +70'C 
-40'C 
to +85'C 
-65'C 
to + 160'C 
......... 
' +300'C 


Operating 
Temperature 
Ranges: 


MAX135C __ 
. 


MAX135E 


Storage 
Temperature 
Range 


Lead Temperature 
(soldering, 
10 sec) 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not Implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability 


ELECTRICAL 
CHARACTERISTICS 


(V+ = 5V, v- = -5V, DGND 
= AGND 
= IN LO = REF- = OV, REF+ = 545mV, 
RINT = 402kQ, 
CINT = 0.004hlF, 
CREF = O.l!1F, 


fClK 
= 32,768Hz, 
60Hz mode, 
TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Resolution 
(Note 1) 
20,000 
LSB 


TA = +25'C 
±2 
Zero Error 
IN HI = OV 
LSB 


TA = TMIN to TMAX 
±5 


Nonlinearity 
(Notes 
2, 3) 
TA = +25'C 
±2 
LSB 


TA = +25'C 
±3 


Rollover 
Error 
(Note 4) 
LSB 


TA = TMIN to TMAX 
±10 


Conversion 
Time 
63 
ms 


Input Voltage 
Range 
IN HI to IN LO 
±300 
mV 


Leakage 
Current 


TA = +25'C 
±10 


IN HI, IN LO 
TA = TMIN to TMAX 
pA 


±250 


VCM = ±500mV 
3 
10 
Common-Mode 
Rejection 
IN HI = IN LO 
LSB 


VCM = ±3.5V 
70 


Common-Mode 
Range 
IN HI = IN LO 
±3.5 
V 


Read Zero (50Hz/60Hz 
Range) 
±2000 
LSB 


Noise (Zero-Reading 
Mode) 
IN HI = IN LO 
TA = +25'C 
1.5 
LSB 


Zero-Reading 
Drift 
(Note 3) 
01 
LSB/"C 


Scale Factor Temp. CoeHicient 
(Note 3) 
5 
ppm/"C 


Positive Supply 
Rejection 
FS change, 
V- = -5.0V, +4.5V 5 V+ 5 +5.5V 
2 
LSB 


Negative 
Supply 
Rejection 
FS change, 
V+ = 5.0V, -4.5V 5 V- 5 -5.5V 
2 
LSB 


Positive Supply 
Current 
1+ 
60 
125 


Negative 
Supply 
Current 
1- 
-35 
-65 
!1A 


Digital 
Ground 
Supply 
Current 
-25 
-60 


Positive Sleep-Mode 
Current 
1+ 
4 
10 


Negative 
Sleep-Mode 
Current 
1- 
-4 
-10 
!1A 
Digital Ground 
Sleep-Mode 
0 
±2 
Current 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
~ 


(V+ = SV, v- = -SV, DGND 
= AGND 
= IN LO = REF- = OV, REF+ = S4SmV, 
RINT = 402kn, 
CINT = 0.0047J.lF, 
CREF = 0.1J.lF, 
~ 
felK 
= 32,768Hz, 
60Hz mode, 
TA = TMIN to TMAX, unless otherwise 
noted.) 
••• 
>c 
•••• 


~ 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
SECTION 


00-07, 
lOUT = -1mA 
3.S 
43 


Output 
High 
VOH 
00-07, 
lOUT = -100J.lA 
4.0 
4S 
V 


EOC, lOUT = -100J.!A 
4.0 


00-07, 
lOUT = 1.6mA 
02 
0.4 


Output 
Low 
Val 
V 


EOC, lOUT = 100J.lA 
04 


Input High 
VIH 
Referred 
to DGND, CS, WR, RD 
2.4 
V 


Input Low 
Vil 
Referred 
to DGND, CS, WR, RD 
0.8 
V 


Input Current 
IIN 
CS, WR, RD, 00-07 
when three-stated 
±10 
±SOO 
nA 


Input Capacitance 
CIN 
CS, WR, RD, 00-07 
when three-stated 
S 
pF 


TIMING CHARACTERISTICS 


(Test circuit 
of Figures 
1 and 2, V+ = SV, V- = -SV, DGND = AGND = OV, TA = +2S"C, unless otherwise 
noted.) 
(Note 3) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CS to WR Setup Time 
t1 
0 
ns 


WR Data-Setup 
Time 
t2 
200 
<100 
ns 


WR Pulse Width 
t3 
200 
<100 
ns 


Data Hold after WR 
14 
0 
ns 


CS to RD Setup Time 
t5 
0 
ns 


CS to RD Hold Time 
t6 
0 
ns 


RD to Data Valid 
t7 
480 
240 
ns 


Bus-Relinquish 
Time 
t8 
380 
190 
ns 


WRto 
RD 
t9 
300 
ns 


RDtoWR 
tlO 
200 
ns 


Delay between 
Write Operations 
t11 
, 
SOO 
<2S0 
ns 


Note 
1: 
18-bit resolution 
achieved 
by averaging 
multiple 
conversions. 
Note 2: 
Max deviation 
from best straight 
line fit, 1LSB = 1S.63J.lV. 


Note 3: 
Guaranteed 
by design, 
not tested. 


Note 4: 
Difference 
in reading 
for equal positive 
and negative 
inputs near full scale. 
- 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 
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_______ 
General Description 


The 
MAX153 
high-speed, 
microprocessor 
(liP)-com- 
patible, 
8-bit 
analog-to-digital 
converter 
(ADC) 
uses 
a 
half-flash 
technique 
to achieve 
a 660ns conversion 
time, 


and digitizes 
at a rate of 1Msps. 
It operates 
with single 
+5Vor 
dual ±5V supplies 
and accepts 
either unipolar 
or 


bipolar 
inputs. 
A power-down 
pin reduces 
current 
con- 


sumption 
to a typical 
value of 1liA. 
The part returns from 


power-down 
to 
normal 
operating 
mode 
in less 
than 
200ns. 


The MAX153 is DC and dynamically 
tested. 
Its liP inter- 
face appears 
as a memory 
location 
or input/output 
port 
that requires 
no external 
interface 
logic. 
The data out- 


puts use latched, 
three-state 
buffered 
circuitry 
for direct 


connection 
to a liP data bus or system 
input port. 
The 
ADC's 
input/reference 
arrangement 
enables 
ratiometric 
operation. 


~1I1~JXI~1I1 
1Msps, ~P-Compatible, 


B-Bit ADC with Power-Down 


Digital-Signal 
Processing 


High-Speed 
Data Acquisition 


Telecommunications 


High-Speed 
Servo Loops 


High-Speed/Low-Power 
Applications 


VREF+ 12 


VREF_11 


VIN 1 


4-BIT 
FLASH 
AoC 


00-07 
DATA 
OUT 
PINS 
2-5 
14-17 


• 
660ns Conversion 
Time 


• 
Internal Track/Hold 


• 
1Msps Throughput 


• 
Low Power: 
40mW Typ 
(Operating 
Mode) 
SliW Typ (Power-Down 
Mode) 


• 
1MHz Full-Power 
Input Bandwidths 


• 
20-Pin Shrink Small-Outline 
Package 
(SSOP) 


and Narrow 
DIP/SO Packages 


• 
No El(ternal Clock Required 


• 
Unipolar/Bipolar 
Inputs 


• 
Single +SV or Dual ±SV Supplies 


• 
Ratiometric 
Reference 
Inputs 


• 
DC and Dynamic 
Performance 
Tested 


VDD 


Vss 


PWRON 


07 (MSB) 


06 


05 


04 
cs 


~1I1.J'JXI~1I1 


B-/4-Channel ADCs with 


Simultaneous 
T/Hs and Reference 


_______ 
General Description 


The MAX155/MAX156 
are high-speed, 
8-bit, multi-channel 
analog-to-digital 
converters 
(ADCs) 
with 
simultaneous 
track/holds 
(T/Hs) to eliminate timing differences 
between 
input channel samples. 
The MAX155 has 8 analog input 
channels, 
and the MAX156 has 4 analog 
input channels. 


Each channel has its own TfH, and all T/Hs sample at the 
same instant. The ADC converts a channel in 3.6/lS and stores 
the result in an internal 8x8 RAM. The MAX 155/MAX 156 also 
feature a 2.5V internal reference and power-down capability, 
providing a complete, sampling data-acquisition 
system 


When 
operating 
from 
a 
single 
+5V 
supply, 
the 
MAX155/MAX156 
perform either unipolar or bipolar, single- 


ended or differential conversions. For applications 
requiring 
wider dynamic range or bipolar conversions around ground, 
the VSS supply pin may be connected 
to -5V. 


Conversions 
are initiated with a pulse to the WR pin, and 
data is accessed 
from the ADC's RAM with a pulse to the 
RD pin. A bidirectional 
interface updates the channel con- 
figuration and provides output data. The ADC may also be 
wired for output-only operation. The MAX155 comes in 28-pin 
DIP and wide SO packages, 
and the MAX156 comes 
in 
24-pin narrow plastic DIP and 28-pin wide SO packages. 


__________ 
Applications 


Phase-Sensitive 
Data Acquisition 


Vibration 
and Waveform 
Analysis 


DSP Analog 
Input 


AC Power Meters 


Portable 
Data Loggers 


""'AXIAII 


AINO 
TIH 
MAX155 


AINl 
TIH 


eLK 
REFIN 


AIN2 
TIH 
~REFOUT 


AIN3 
TIH 


AIN4 
TIH 
a a-BIT 
OATA 
BUS 
AIN5 
T/H 


AIN6 
TIH 


AIN7 
cs 
ED. 
WR 
MODE 


___________ 
Features 


• 
8 Simultaneously 
Sampling 
Track/Hold 
Inputs 


• 
3.61J.S Conversion 
Time per Channel 


• 
Unipolar 
or Bipolar 
Input Range 


• 
Single-Ended 
or Differential Inputs 


• 
Mixed Input Configurations 
Possible 


• 
+2.5V Internal 
Reference 


• 
Single +5V or Dual ±5V Supply 
Operation 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 
ERROR 
(lSBs) 


MAX155ACPI 
O'C to +70'C 
28 Plastic DIP 
±1/2 


MAX155BCPI 
O'C to +70'C 
28 Plastic DIP 
±1 


MAX155ACWI 
O'C to +70'C 
28 Wide SO 
±1/2 


MAX155BCWI 
O'C to +70'C 
28 Wide SO 
±1 


MAX155BC/D 
O'C to +70'C 
Dice' 
±1 


Ordering 
information 
continued 
on last page. 
, 
Contact 
factory 
for dice specifications. 


AIN6 


AIN7 


Voo 


AGND 


REFIN 


REFOUT 


DO/AD 


Dl/Al 


DVA2 


D3/PD 


D4/INH 


D5/8IP 


DIP/SO 


/vl/J XI/vi 
Maxim 
Integrated 
Products 


.•••", •.••• J X I """'1 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


B·/4·Channel ADCs with 
Simultaneous T/Hs and Reference 


Continuous 
Power Dissipation 
(TA = + 70·C) 
24-Pin Plastic 
DIP (derate 8.7mWrC above 
+70·C) 
.. 
696mW 


24-Pin CERDIP (derate 
12.5mWrC above 
+ 70·C) 
.. 
1000mW 
28-Pin Plastic 
DIP (derate 9.09 mwrc above + 70·C) 
.. 
727mW 
28-Pin Wide SO (derate 
12.5mWrC above 
+70·C) 
.. 
1000mW 


28-Pin CERDIP (derate 
16.67mWrC above 
+ 70·C) 
. 1333mW 


Operating 
Temperature 
Ranges: 


MAX155/MAX156_C__ 
O·C to +70·C 


MAX155/MAX156_E_ 
_ 
-40·C to +85·C 


MAX155_MJI 
-55·C to + 125·C 


Storage 
Temperature 
Range 
. -65·C to + 160·C 


Lead Temperature 
(soldering, 
10 see) 
. 
. 
+300·C 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanenl 
damage 
to the device. 
These are stress 
ratings 
only, and funclional 
operation 
of the device 
at these or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


VDD to AGND 
. . 
. 
-0.3V, +6V 


VOD to DGND 
. 
. 
-0.3V, +6V 
AGND to DGND 
. 
-0.3V, VOO +0.3V 


VSS to AGND 
+0.3V, -6V 


'{ss to DGND 
+0.3V, -6V 
CS, WR, RD, CLK, MODE to DGND 
-0.3V, Voo +0.3V 
BUSY, 00-07 
to DGND 
-0.3V, Voo +0.3V 


REFOUT to AGND 
-0.3V, Voo 
+0.3V 
REFIN to AGND 
-0.3V, Voo +0.3V 


AIN to AGND 
VSS -0.3V, Voo +0.3V 


Output Current 
(REFOUT) 
30mA 


ELECTRICAL 
CHARACTERISTICS 


(Voo = +5V, REFIN = +2.5V, 
External 
Reference, 
AGND = DGND = OV, Vss = OV or -5V, fCLK = 5MHz External, 
Unipolar 
Range, 


Single-Ended 
Mode, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 
(Note 1) 


Resolution 
8 
Bits 


MAX15 
A 
±1/2 
Integral 
Linearity 
Error 
I MAX15 
B 
LSB 
±1 


No Missing 
Codes 
Resolution 
Guaranteed 
monotonic 
8 
Bits 


MAX15 
A 
±1/2 


Offset Error (Unipolar) 
LSB 


MAX15 
B 
±1 


MAX15 
A 
±1 


Offset Error (Bipolar) 
LSB 


MAX15 
B 
±2 


MAX15 
A 
±1 
Unipolar 
MAX15 
B 
±1 


Gain Error 
LSB 


MAX15_A 
±1 
Bipolar 
MAX15_B 
±2 


Channel-to-Channel 
Matching 
MAX15_A 
±1/2 
LSB 


MAX15_B 
±1 


DYNAMIC 
PERFORMANCE 
(VIN = 50kHz, 
2.5Vp-p 
sine wave sampled 
at 220ksamples/sec) 


Signal-to-Noise 
and 
MAX15_A 
48 


Distortion 
Ratio 
SINAD 


I 
MAX15 
B 
dB 
47 


Total Harmonic 
Distortion 
THO 
-60 


Spurious-Free 
Dynamic 
Range 
SFDR 
dB 


-62 


Small-Signal 
Bandwidth 
4 
MHz 


Aperture 
Delay 
20 
ns 


Aperture 
Delay Matching 
4 
ns 
(Note 2) 


8-/4-Channel ADCs with 


Simultaneous T/Hs and Reference 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
t 


(Voo: 
+5V, REFIN : 
+2.5V, 
External 
Reference, 
AGND 
: DGND 
: OV, Vss : OVor -5V, fCLK : 5MHz External, 
Unipolar 
Range, 
Sin- 
~ 


gle-Ended 
Mode, TA: 
TMIN to TMAX, unless otherwise 
noted.) 
". 
>c: 
••••en 


~ 
E 
>c: 
••••enen 


PARAMETER 
I 
SYMBOL 
I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
INPUT 


Voltage 
Range 
Unipolar, 
Single-Ended 
AIN_( +) to AGND 
0 
VREF 


Unipolar, 
Differential 
AIN 
(+)toAIN_(-) 
0 
VREF 
V 


Bipolar, 
Single-Ended 
AIN 
(+)toAGND 
-VREF 
VREF 


Bipolar, 
Differential 
AIN 
(+)toAIN 
(-) 
-VREF 
VREF 


Common-Mode 
Range 
Differential 
mode 
Vss 
Voo 


DC Input Impedance 
AIN: 
Voo 
10 
MQ 


REFERENCE 
INPUT 


REFIN Range (for specified 
2.375 
2500 
2.625 
V 
performance) 
(Note 2) 


IREF 
REFIN: 
2.5V 
1 
mA 


REFERENCE 
OUTPUT 
(CL : 4.7l!F) 
I TA: 
+25"C 
2.44 
2.50 
2.56 
Output Voltage 
IL: 
OmA 


r TA:TMINtoTMAX 


V 


2.38 
2.50 
2.62 


Load Regulation 
TA: 
+25"C, 
lOUT: 
OmA to 10mA 
-10 
mV 


Power -Supply 
Sensitivity 
TA: 
+25"C, 
Voo : 5V ±5% 
±1 
±3 
mV 


Temperature 
Drift 
±100 
ppmrC 


LOGIC 
INPUTS 
(Mode: 
Open Circuit) 


CS, RD, WR, CLK, 
00-07 
(when inputs) 


V 
Input Low Voltage 
VIL 
0.8 


Input High Voltage 
VIH 
2.4 


Input Current 
IIN 
±10 
l!A 


Input Capacitance 
(Note 2) 
CIN 
15 
pF 


MODE 
Input Low Voltage 
VIL 
0.5 


Input High Voltage 
VIH 
Voo-0.5 
V 


Input Mid-Level 
Voltage 
VMIO 
VoD'2-0.5 
V0D'2+0.5 


Input Floating 
Voltage 
VFLT 
VDD/2 


Input Current 
IIN 
±50 
±100 
l!A 


LOGIC OUTPUTS 


BUSY, 00-07 
0.4 
Output 
Low Voltage 
VOL 
lOUT: 
1.6mA 
V 
Output 
High Voltage 
VOH 
lOUT: 
-360l!A 
4 


00-07 
Floating 
State Leakage 
±10 
l!A 


Floating 
State Output 
COUT 
15 
pF 
Capacitance 
(Note 2) 


Conversion 
Time 
fCLK: 
5MHz, 
3.6 
3.8 
l!S 
single channel 


B-/4-Channel ADCs with 
Simultaneous 
T/Hs and Reference 


CD 
ELECTRICAL 
CHARACTERISTICS 
(continued) 


II) 
(VDD = +5V, REFIN = +2.5V, 
External 
Reference, 
AGND 
= DGND = OV, Vss = OV or -5V, fClK = 5MHz External, 
Unipolar 
Range, 


,.. 
Single-Ended 
Mode, TA = TMIN to TMAX, unless otherwise 
noted.) 


)<; 


~II),.. 
)<i 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER 
REQUIREMENTS 


Positive 
Power-Supply 
Voltage 
VDD 
4.75 
525 
V 


MAX155 
18 
24 
PD = 0 
mA 


MAX156 
9 
12 
Positive 
Power-Supply 
Current 
IDD 
ClK,CS, 
WR, 


PD = 1 
RD = OV or VDD; 
25 
100 
IlA 


DOUT = OV or VDD 


Negative 
Power-Supply 
Voltage 
VSS 
0 
-5 
V 


PD = 0 
2 
50 
Negative 
Power-Supply 
Current 
ISS 
PD = 1 
2 
50 


IlA 


Power-Supply 
Rejection 
VDD = 5V ±5%, Vss = OV 
±D.l 
±0.25 
lSB 
(change 
in full-scale 
error) 
VDD = 5V, VSS = -5V ±5% 
±01 


TIMING CHARACTERISTICS 
(Note 3, Figures 1-7) 


(VDD = +5V, REFIN = +2.5V, 
External 
Reference, 
AGND = DGND = OV, VSS = OV or -5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CS to WR Setup Time 
tcws 
0 
ns 


CS to WR Hold Time 
tCWH 
0 
ns 


CS to RD Setup Time 
tCRS 
0 
ns 


CS to RD Hold Time (Note 2) 
tCRH 
0 
ns 


WR low 
Pulse Width 


MAX15_C/E 
100 
2000 
tWR 
ns 


MAX155M 
120 
2000 


RD low 
Pulse Width 
MAX15_C/E 
100 
tRDl 
ns 


MAX155M 
120 


RD High Pulse Width 
(Note 2) 
MAX15_C/E 
180 
tRDH 
ns 
MAX155M 
200 


- 
- 
MAX15_C/E 
280 


WR to RD Delay (Note 2) 
twRD 
ns 


MAX155M 
300 


- 
-- 
MAX15_C/E 
220 
WR to BUSY low 
Delay 
twSD 
ns 


MAX155M 
240 


BUSY High to WR Delay 
(to update 
configuration 
register) 
tSWD 
50 
ns 


(Notes 
2, 3) 


ClK 
to WR Delay 
tACO 
800 
ns 
(acquisition 
time) (Note 2) 


BUSY High to RD Delay (Notes 2, 3) 
tSRD 
50 
ns 


Address-Setup 
Time 
tAS 
120 
ns 


Address-Hold 
Time 
tAH 
0 
ns 


8·/4·Channel ADCs with 


Simultaneous 
T/Hs and Reference 


TIMING CHARACTERISTICS 
(continued) 
(Note 3, Figures 1-7) 


(Voo = +5V, REFIN = +2.5V, 
External 
Reference, 
AGND 
= DGND = OV, Vss = OV or -5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RD to Data Valid (Note 4) 
MAX15 
C/E 
100 
tov 
ns 
MAX155M 
120 


RD to Data Three-State 
Output 
MAX15_C/E 
80 
lTR 
ns 
(Note 5) 
MAX155M 
100 


ClK 
to BUSY Delay (Note 2) 
tCB 
100 
300 
ns 


ClK 
Frequency 
OS 
S.O 
MHz 


Note 1: 


Note 2: 
Note 3: 


Note 4: 
Note 5: 


Voo = +5V, REFIN = +2.SV, 
Vss = OV. Performance 
at ±S% power-supply 
tolerance 
is guaranteed 
by Power-Supply 
Rejection 
test. 


Guaranteed 
by design, 
not production 
tested. 
All input control 
signals 
are specified 
with tr = tf = 20ns (10% to 90% of +SV) and timed from a + 1.6V voltage 
level. 
Output 
signals 
are timed from VOH and VOL. 


tov is the time required 
for an output 
to cross 
+0.8V or +2.4V measured 
with load circuit 
of Figure 
1. 


lTR is the time required 
for the data lines to change 
O.SV, measured 
with load circuits 
of Figure 2. 


+5V+ 
OOTI 
00 I'.' 


~ 
DGND 
~ 
=- 
DGND 


High-Z to VOH 
High-Z to VOL 


+5V!3k 
"'Tf oo-r 


B·/4·Channel ADCs with 
Simultaneous T/Hs and Reference 


MAX155 
MAX156 
NAME 
FUNCTION 


DIP/SO 
DIP 
SO 


1 
23 
26 
AIN3 
Sampling 
Analog 
Input, channel 
3 


2 
24 
28 
AIN2 
Sampling 
Analog 
Input, channel 
2 


3 
1 
2 
AIN1 
Sampling 
Analog 
Input, channel 
1 


4 
2 
4 
AINO 
Sampling 
Analog 
Input, channel 
0 


5 
3 
5 
MODE 
Mode configures 
multiplexer 
and converter. 
See Table 4. 


6 
4 
6 
Vss 
Negative 
Supply. 
Power Vss with -5V for extended 
input range. 


7 
5 
7 
CS 
CHIP SELECT Input must be low for the ADC to recognize 
RD, or WR. 


- 
READ Input reads data sequentially 
from RAM. 
8 
6 
8 
RD 


- 
WRITE Input's 
rising edge 
initiates 
conversion 
and updates 
channel 
configuration 
register. 
9 
7 
9 
WR 
Falling edge samples 
inputs. 


10 
8 
10 
BUSY 
BUSY Output 
low when conversion 
is in progress. 


11 
9 
11 
ClK 
External 
Clock 
Input 


12 
10 
12 
D7/All 
Three-State 
Data Output 
Bit 7 (MSB) / Sequential 
or Specific 
Conversion 


13 
11 
13 
D6/DIFF 
Three-State 
Data Output 
Bit 6 / Single-Ended/Differential 
Select 


14 
12 
14 
DGND 
Digital Ground 


15 
13 
15 
D5/BIP 
Three-State 
Data Output 
Bit 5 / Unipolar/Bipolar 
Conversion 


16 
14 
16 
D4/INH 
Three-State 
Data Output 
Bit 4 / Inhibit Conversion 
Input 


17 
15 
17 
D3/PD 
Three-State 
Data Output 
Bit 3 / Power-Down 
Input 


18 
16 
18 
D2/A2 
Three-State 
Data Output 
Bit 2 / RAM Address 
Bit A2 (MAX155 
only) 


19 
17 
19 
D1/A1 
Three-State 
Data Output 
Bit 1 / RAM Address 
Bit A 1 


20 
18 
20 
DO/AO 
Three-State 
Data Output 
Bit 0 / RAM Address 
Bit AO 


21 
19 
21 
REFOUT 
Reference 
Output, 
+2.5V 


22 
20 
22 
REFIN 
Reference 
Input, +2.5V normally 


23 
21 
23 
AGND 
Analog 
Ground 


24 
22 
24 
Voo 
Power-Supply 
Voltage, 
+5V normally 


25-28 
- 
- 
AIN7-4 
Sampling 
Analog 
Input, channels 
7-4 


- 
- 
1,3, 
N.C. 
No Internal Connection 
- floating 
pin. 
25,27 


B-/4-Channel ADCs with 


Simultaneous 
T/Hs and Reference 


______ 
Detailed Description 


AID Converter 
Operation 


The MAX155/MAX156 
contain 
a 36~s 
successive 
ap- 
proximation 
ADC 
and 
8/4 track-and-hold 
(T/H) 
inputs. 
When a conversion 
is started, 
all AIN inputs are simulta- 


neously 
sampled. 
All channels 
sample 
whether 
or not 
they are selected 
forthe conversion. 
Either a single-chan- 


nel or multi-channel 
conversion 
may be requested 
and 
channel 
configurations 
may be mixed. 
ADC results are 


then stored 
in an internal 
RAM. 


In hard-wired 
mode (see Multiplexer 
and NO Configura- 


tions section) multi-channel 
conversions 
are initiated with 
one write 
operation. 
In input/output 
(I/O) 
mode, 
multi- 


channel 
configurations 
are set up prior to the conversion 


by loading 
channel 
selections 
into the configuration 
reg- 


ister. This register 
also selects 
single-ended/differential, 


unipolar/bipolar 
(Figure 9), power-down 
and other func- 
tions. Each channel 
selection 
requires 
a separate 
write 
operation 
(i.e 
8 writes 
for 8 channels), 
but only 
after 


power-up. 
Once 
the 
desired 
channel 
arrangement 
is 
loaded, 
each 
subsequent 
write 
converts 
all selected 
channels 
without reconfiguring 
the multiplexer 
(mux). I/O 
mode requires 
more write operations, 
but provides 
more 
flexibility 
than hard-wired 
mode. 


To access 
conversion 
results, 
successive 
RD pulses 
automatically 
se~nce 
through 
RAM, 
beginning 
with 
channel 
O. Each RD pulse increments 
the RAM address 


counter, 
which 
resets to 0 when WR goes 
low in multi- 
channel conversions. 
An arbitrary 
RAM location may also 


be read 
by writing 
a 1 to INH while 
loading 
the RAM 
address 
(AO-A2), and then performing 
a read operation. 


PIN' 
INPUT 
FUNCTION 


DO/AO 
AO-A2 select a multiplel\llf 
channel 
for the configurations 
described 
below, or select a RAM address 
for read- 
D1/A1 
10rO 
D2/A2 
ing with a subsequent 
RD. 


0 
Normal ADC operation 


D3/PD 


1 
Power-Down 
reduces 
the power-supply 
current. 
Configuration 
data may be loaded 
and is maintained 
during 


power-down. 


0 
A conversion 
starts when WR goes high. 


D4/INH 
1 
Inhibits the conversion 
when WR goes high. 
Allows mux configuration 
to be loaded 
and RAM locations 
to be 


accessed 
without 
starting 
a conversion. 


0 
Unipolar 
conversion 
(Figure 9a) for the channel 
specified 
by AO-A2. 
Input range = OV to VREF. 


D5/BIP" 


1 
Bipolar 
conversion 
(Figure 9b) for the channel 
specified 
by AO-A2. 
Input range = ±VREF. 


0 
Single-ended 
configuration 
for the channel 
specified 
by AO-A2 as described 
in Table 2. 


D6/DIFF" 


1 
Differential 
configuration 
for the channel 
specified 
by AO-A2 as described 
in Table 2. 


0 
All previously 
configured 
channels 
are converted. 
Data is read with consecutive 
RD pulses, 
beginning 
with 


D7/ALL 
the lowest configured 
channel. 


1 
Only the channel 
specified 
by A2-AO is converted. 
- 
A single 
RD pulse reads the result of that conversion 
. 


• Configuration 
inputs 
are shared 
with data outputs 
00-07. 
The functions 
of 00-07 
are not described 
in this table . 


•• DIFF and BIP are not implemented 
on the current 
conversion, 
but go into effect on the following 
conversion. 


8-/4-Channel 
ADCs with 


Simultaneous 
T/Hs and Reference 


select from 4 mux configurations 
as listed in Table 4 (see 
Hard-Wired Mode section). 


On the 
rising 
edge 
of WR, the 
mux 
configuration 
register 
is updated; 
falling 
edge 
initiates 
sampling 
of all 
inputs. 
A channel 
selection 
can 
be 
imple- 
mented 
on 
the 
current 
conversion, 
but 
changes 
from 
unipolar 
to bipolar 
(with 
BIP) or from 
single- 
ended 
to differential 
operation 
(with 
OIFF) 
do not 
go into 
effect 
until 
the 
following 
WR. This 
can 
be 
overcome 
by writing 
to the 
configuration 
register 
while 
inhibiting 
the 
conversion 
(I NH = 
1), or 
by 
changing 
OIFF and 
BIP one 
conversion 
early, 
i.e. 


on the previous 
write. 


Multiplexer 
and AID Configuration 


A conversion 
is started 
with a WR pulse. All channels 
sample 
on WR's falling 
edge. 
Mux configuration 
data 
is loaded 
on WR's rising edge. 
In I/O mode (MODE = 
Open Circuit), 
selections 
for channel 
number, 
single- 
or 
multi-channel 
conversion, 
unipolar 
or 
bipolar 
input, and si~e-ended 
or differential 
input are made 
with AO-A2, ALL, BI P, and OIFF (Table 1). These input 
pins 
are 
also 
shared 
with 
the 
RAM 
data 
outputs 
00-07. 
An alternate, 
simpler 
interface 
is provided 
by 
the 
hard-wired 
mode, 
which 
selects 
some 
general 


mux configurations 
without 
requiring 
AOC program- 
ming. 
Hard-wired 
connections 
of 
MODE 
and 
VSS 


MUXADDRESS 
SINGLE-ENDED 
CHANNEL 
SELECTION 


AO 
A1 
A2 
DIFF 
0 
1 
2 
3 
4 
5 
6 
7 
AGND 


0 
0 
0 
0 
+ 
- 


1 
0 
0 
0 
+ 
- 


0 
1 
0 
0 
+ 
- 


1 
1 
0 
0 
+ 
- 


0 
0 
1 
0 
+ 
- 


1 
0 
1 
0 
+ 
- 


0 
1 
1 
0 
+ 
- 


1 
1 
1 
0 
+ 
- 


MUXADDRESS 
DIFFERENTIAL 
CHANNEL 
SELECTION 


AO 
A1 
A2 
DIFF 
0 
1 
2 
3 
4 
5 
6 
7 


0 
0 
0 
1 
+ 
- 


0 
1 
0 
1 
+ 
- 


0 
0 
1 
1 
+ 
- 


0 
1 
1 
1 
+ 
- 


1 
0 
0 
1 
- 
+ 


1 
1 
0 
1 
- 
+ 


1 
0 
1 
1 
- 
+ 


1 
1 
1 
1 
- 
+ 


B·/4·Channel ADCs with 


Simultaneous 
T/Hs and Reference 


________ 
Interface 
Timing 


Input/Output 
Mode, 
Multi·Channel 
Conversion Timing 


I/O mode is selected 
when the MODE input is open circuit. 


In I/O mode, 
the mux configuration 
register 
determines 
the conversion 
type. The register is updated 
on the rising 
edge ofWR. 


Table 
1 lists 
all conversion 
options. 
For example, 
at D6/DIFF, 
a logic 
0 or 1 selects 
a single-ended 
or 
differential 
conversion. 
Data 
is 
loaded 
into 
addressed 
locations 
in the 
configuration 
register 


with 
a series 
of WR 
pulses. 
If INH 
is high 
while 


writing, 
no conversion 
takes 
place. 
A conversion 
is started 
by writing 
INH 
= 0 to the 
configuration 
register. 
When 
a change 
is made 
to the 
contents 
of the 
configuration 
register, 
a "dummy' 
conver- 
sion 
may 
be 
necessary. 
This 
is due 
to 
a built-in 
latency 
of one 
full 
conversion 
for unipolar/bipolar 
and 
single-ended/differential 
selections. 


It is not necessary 
to update 
the configuration 
regis- 
ter before 
every 
conversion. 
A particular 
mux config- 


uration 
must be loaded 
only once 
after 
power-up 
(but 


the 
configuration 
may 
require 
several 
writes 
to 
be 
loaded). 
A mux configuration 
is retained 
for succes- 
sive conversions 
and during 
power-down 
(PD = 1) so 
that 
reconfiguring 
is unnecessary 
when 
the ADC 
re- 
turns to normal 
operation 
(PD = 0). Configuration 
and 
RAM data 
is lost 
only 
when 
power 
is removed 
from 
the ADC 
at VDD 


When updating 
the configuration 
register, 
INH should be 
high for all except 
the last WR so the conversion 
is not 
started until the mux is set. On WR's falling edge, all input 
channels 
sample 
simultaneously. 
BUSY goes low at the 
beginning 
of the conversion, 
and channels 
are converted 


sequentially 
starting 
with the lowest 
selected 
channel. 


When BUSY goes high, conversion 
results are stored 
in 
RAM. 
At conversion 
end, 
a microprocesso.':.J}!P) 
can 


access 
the RAM contents 
with consecutive 
RD pulses. 


The first accessed 
data 
is the lowest 
channel's 
result. 


Subsequent 
RD pulses access 
conversion 
results for the 
remaining 
channels. 


The configuration 
data determines 
which 
RAM locations 
are sequentially 
read by consecutive 
RD pulses, 
so new 


data shoul.QJle placed 
in the configuration 
register 
only 
after a full RD operation. 
It is not necessary 
to update the 
configuration 
register for every conversion. 
A new conver- 
sion is initiated with a WR pulse (when INH = 0), regardless 
of the number of channels 
that have been read. 


Figure 
4a shows 
the MAX155 
timing 
for an 8-channel 
unipolar 
con~ration. 
8 channels 
are configured 
and 8 
consecutive 
RD pulses access 
data. Figure 4b illustrates 
4-channel 
differential 
conversion 
timing involving 
4 sam- 


pled channels 
and 4 RD pulses. 
In cases where conflict- 
ing differential 
configurations 
are loaded, the last channel 
selected 
with DIFF = 1 will be the positive 
input of the 
differential 
channel. 


Input/Output 
Mode, 


Single·Channel 
Conversion 
Timing 


Figure 
5a shows timing 
for a single-channel 
(ALL = 1), 


single-ended 
conversion; 
Figure 
5b shows 
a differ- 
ential 
conversion. 
With 
MODE 
floating, 
the 
conf~- 
ration 
register 
is updated 
on the 
rising 
edge 
of WR. 


BUSY 
goes 
low at the 
beginning 
of the 
conversion 
and returns 
high when the channel 
designated 
by the 
configuration 
register 
has been 
converted. 
All chan- 
nels 
are sampled 
on the falling 
edge 
of WR even 
if 
only 
a single 
channel 
has 
been 
requested. 
At con- 
version 
end, 
the 
I!P can 
read 
the 
result 
for 
the 
se- 
lected 
channel 
with 
a single 
RD pulse. 
Subsequent 


RD pulses 
will access 
old conversion 
results 
remain- 
ing 
in other 
RAM locations. 
The next 
conversion 
is 


initiated 
with 
a WR pulse, 
regardless 
of the 
number 
of channels 
that 
have 
been 
read. 


INH and 
AO-A2, 
in the configuration 
register, 
access 
locations 
in RAM. 
INH = 1 allows 
the 
RAM address 


pointer 
to be updated 
without 
starting 
a conversion. 
A 
READ pulse then reads 
the contents 
of the addressed 
location. 


B·/4·Channel ADCs with 
Simultaneous 
T/Hs and Reference 


CDan,.. 
cs 
)< 


WR 
; 
AD 


~ 
BUSY 
an,.. 
)< 
00-07 
; l l 
l l 


CONSECUTIVE RAM LOCATIONS ARE 
ACCESSED BY C~SECUTIVE 
RD PULSES 


THE FIRST RAM LOCATION READ IS CH 0 


CONVERSION END OF 8 CHANNELS 


UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION 


ALL 8 CHANNELS ARE SAMPLED HERE 


NOTE: 
After power-up, and prior to the above timing 
Once the above data is loaded, all channels are converted 
sequence, 
all single-ended 
channels must be set up by 
with a single WR to an0 
address (this is wheA1±he above 
w= 
the fOllowin~ data into the configuration 
register. 
timing diagram begins. 
With INH = 0, and 
= 0: 
8 
s (see Figure 
) are needed for 8 channels: 


AO 
Al 
A2 
PO 
INH 
BIP 
OIFF 
ALL 
AO 
Al 
A2 


I 


PO 
INH 
BIP 
OIFF 
ALL 


0 
0 
0 
0 
1 
S 
0 
0 
0 
0 
0 
0 
0 
S 
0 
a 
1 
a 
a 
a 
1 
s 
a 
0 
0 
1 
a 
a 
1 
s 
a 
0 
1 
1 
a 
a 
1 
s 
a 
a 
a 
0 
1 
0 
1 
S 
0 
0 
1 
a 
1 
a 
1 
s 
a 
a 
a 
1 
1 
a 
1 
s 
a 
a 
1 
1 
1 
0 
1 
S 
a 
0 
S = May be selected 


B-/4-Channel ADCs with 


Simultaneous T/Hs and Reference 


l l 
l l 


CONSECUTIVERAMlOCATIOt:§ARE 
ACCESSEO BY CONSECUTIVE RD PULSES 


THE FIRST RAM lOCATION 
READ IS CH 0,1 
CONVERSION END OF 4 DIFFERENTIAL CHANNELS 


UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION 
ALL 4 DIFFERENTIAL CHANNELS ARE SAMPLED HERE 


NOTE: 
After power-up, and prior to the above timing 
sequence, 
all differential channels must be set up by 
writing to the configuration 
register (AINO, 2.A. 6 are +, 


and A1N1, 3, 5, 7 are - for this example). 
4 WAs (see 
Figure 3) are needed for 4 channels: 


Once the above data is loaded, all channels are converted 
with a single WR to any address (this is whe.&.1!1eabove 
timing diagram begins). 
With INH = 0, and ALL = 0: 


A2 I 
PO 


o 
0 


INH 
BIP 
OIFF ill 
o 
S 
1 
0 
AO 
A1 
A2 
PO 


o 
0 
0 
0 
o 
1 
0 
0 
o 
0 
1 
0 
o 
1 
1 
0 
S = May be selected 


INH 
BIP 
OIFF 
ALL 


1 
S 
1 
0 
1 
S 
1 
0 
1 
S 
1 
0 
1 
1 
0 


B·/4·Channel ADCs with 
Simultaneous 
T/Hs and Reference 


CD 
It) 
cs 
,.. 


~ 


WR 
i 


AD 


~ 


BUSY 


It),.. 


00-07 


~i 
l L 
L 
L READ DATA INDICATED BY ADDRESS 


END OF CONVERSION 


UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION 


CHANNEL IS SAMPLED HERE 


NOTE: 
A single-ended 
channel is converted 
by writing the 
following data into the configuration 
register (see Figure 3). 


The SIP and DIFF bits are not implemented 
until the next WR. 


AD 
Al 
A2 
I 
PO 
INH 
SIP 
OIFF 
ill 


555.00501 
5 = May be selected 


cs 


WR 


AD 


BUSY 
!cONV 


00-07 l L 
L 
L READ DATA INDICATED BY ADDRESS 


END OF CONVERSION 
UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION 


CHANNEL IS SAMPLED HERE 


NOTE: 
A differential channel is converted 
by writing the 
following data into the configuration 
register (see Figur(L3). 


The SIP and DIFF bits are no! implemenfed until the next WR. 


AD 
Al 
A2 
I 
PO 
INH 
SIP 
D1FF ill 


555.00511 
5 = May be selected 


B-/4-Channel ADCs with 


Simultaneous 
T/Hs and Reference 


CS 


WR 


AD 


BUSY 


ICONV 


DO-D7 
II 
l l 
l 
L 


t 
UPDATE CDNFIGURATlDN 
REGISTER: BEGIN CDNVERSIDN 


READ DATA AT ADDRESS 
UPDATE CDNFIGURATIDN 
REGISTER WITH NEW ADDRESS 


READ DATA INDICATED BY ADDRESS 


END DF CDNVERSIDN 
UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION 
ALL CHANNELS ARE SAMPLED HERE 


NOTE: A RAMlocationis read by writingthe following 
datainto the configurationregisterandwhenperforming 
a RD. If INH= 0, a conversionwill begin. 


AO 
A1 
A2 
I 
PO 
INH 
SIP 
OIFF 
AIT 


5550 
1 
X 
X 
1 
5 = Maybe selected _ 
X = Don'ttare for thisWRif INH= 0, but mayaffect next 


conversion. 


Hard-Wired Mode 


For simpler applications, 
the MODE and VSS pins can be 


hard-wired 
to specify 
the type of conversion 
as outlined 
in Table 4. In this mode, the configuration 
register 
is not 
used, 
so input data on 00-07 
is ignored. 
For example, 
with MODE tied low, an 8-channel, 
single-ended 
conver- 


sion begins 
with WR. With MODE tied hi~a 
4-channel, 


differential 
conversion 
is initiated 
with 
WR. Again, 
the 


configuration 
register 
is not affected 
by the data present 


on 00-07. 
These conversions 
are otherwise 
identical 
to 


those shown in Figure 4. 
______ 
Analog Considerations 


Internal Reference 


The internal 2.5V reference 
(REFOUT) must be bypassed 
to AGNO (Figure 8a) with a 4. 7IJ.Felectrolytic 
and a 0.11J.F 


ceramic 
capacitor 
to ensure stability. 


External Reference 


If an external voltage reference 
is used at REFIN, REFOUT 


must either be bypassed 
(Figure 8b) or disabled 
to pre- 


/~I/JXI/~I 


Table 4. Hard-Wired 
Mode - Multiplexer 


Selections 


MODE 
Vss 
CONVERSION 
TYPE 


OPEN 
X 
Multiplexerconfigurationregister determines 


CIRCUIT 
conversiontype. Not hard-wired. 


0 
AGND 
8-Channel,Single-Ended,UnipolarConversion 


1 
AGND 
4-Channel, Differential, Unipolar Conversion 


0 
-5V 
8-Channel,Single-Ended,BipolarConversion 


1 
-5V 
4-Channel, Differential, Bipolar Conversion 


vent its output from oscillating 
and generating 
unwanted 


conversion 
noise 
elsewhere 
in the AOC. 
If component 


count 
is critical 
when 
using 
an 
external 
reference, 


REFOUT may be disabled 
by connecting 
it to VDD. In this 


case, 
the 
unused 
internal 
reference 
does 
not need 
a 


bypass 
cap. A disadvantage 
of tying REFOUT to VDD is 


that 
power-down 
current 
will 
be 
increased 
by 
about 
250IJ.A above the specification 
limits. 


- 


8-/4-Channel ADCs with 
Simultaneous T/Hs and Reference 


l l 


CONSECUTIVE RAM LOCATIOt:jSARE 
ACCESSED BY CONSECUTIVE RO PULSES 


THE FIRST RAM LOCATION READ is CH 0 


END OF CONVERSiON OF 8 CHANNELS 


l 
l l 


CONSECUTIVE RAM LOCATlOt:jS ARE 
ACCESSED BY CONSECUTIVE RO PULSES 


THEFIAST RAM LOCATION READ IS CH 0,1 


END OF CONVERSION OF 4 DIFFERENTIAL CHANNELS 
ALL 4 DIFFERENTIAL CHANNELS SAMPLED HERE 


8-14-Channel ADCs with 


Simultaneous 
T/Hs and Reference 


NlAXIAII 


MAX155 


Voo 
MAX156 


REFOUT 


REFIN 


Power-Down 
Mode 


The MAX155/MAX156 
may be placed 
in a powered-down 
state by writing a 1 to the PO location 
in the configuration 
register 
(Table 
1). The register 
may be updated 
while in 
this state (to change 
mux configurations 
or exit power- 
down mode) 
and all register 
contents 
are retained; 
how- 


ever, no data can be read from RAM and no conversions 
can 
be started. 
The 
power-down 
command 
is imple- 
mented 
on WR's rising edge. 


To minimize 
current 
drain, the MAX155/MAX156 
internal 


reference 
is turned off during 
power-down. 
When return- 


ing to normal 
operation 
(PO = 0), up to 5ms 
may 
be 
needed 
to 
allow 
the 
reference 
to 
recharge 
its 4.7~F 


bypass 
capacitor 
before a conversion 
is performed. 
If an 
external reference 
is used, and remains on during power- 


down, 
a conversion 
can 
be 
started 
within 
50~s 
after 


loading 
PO with a O. 


Bypassing 


A 47~F electrolytic 
and a 0.1 ~F ceramic 
capacitor 
should 
bypass 
Voo to AGNO. 
If input signals 
below ground 
are 
expected, 
a negative 
supply 
is necessary. 
In that case, 
Vss should be bypassed 
to AGNO with a 4.7~F and 0.1 ~F 
combination. 


The internal 
reference 
requires 
a 4.7~F and 0.1~F com- 


bination. 
If an external voltage reference 
is used, bypass 
REFIN to AGNO with a 4.7~F capacitor 
close to the chip. 
When an external 
reference 
is used, 
REFOUT must still 
be either bypassed 
or connected 
to VOD. 


E 


AINx(+) 
AINx 
)c: 


AINX(-)~ 
•••• 


NlAXIAII 
(II 
-= 
MAX155 


+sv 
Voo 
MAX156 
~ 


REFIN 
E 


+ 


47~I 
11~F 
AGND 
)c: 


Vss 


REFOUT 
•••• 
- 
(II 
+I 
4.7~F 
0) 
-= 


Tracie/Hold Amplifiers 


The MAX155/MAX156 
T/H amplifiers' 
high input imped- 
ance usually requires 
no input buffering. 
All T/Hs sample 
simultaneously. 
For best results, the analog inputs should 


not exceed 
the power-supply 
rails (Voo, 
Vss) by more 
than 50mV. 


The time required 
for the T/H to acquire 
an input signal 
for one channel 
is a function 
of how quickly 
the channel 
input capacitance 
is charged. 
If the source 
impedance 
of the input signal 
is high, acquisition 
takes longer, 
and 
more time must be allowed 
between 
conversions. 
Acqui- 
sition time is calculated 
by: 


tACO = 8(RS + RIN) x 4pF (but never less than 800ns), 


where 
RIN = 15kQ, and RS = source 
impedance 
of the 
AOC's input signal. 
- 


Conversion 
time is calculated 
by: 


tCONV = (9 x N x 2)/fCLK, 


where 
N is the 
number 
of channels 
converted. 
This 


includes 
one clock 
cycle 
of uncertainty. 
For a single 
channel 
and 
5MHz 
clock, 
the 
conversion 
time 
is 


(9 x 1 x 2)/5MHz 
= 36~s. 
For the MAX155, 
the maxi- 
mum conversion 
time for 8 channels 
is (9 x 8 x 2)/5MHz 
= 28.8~s. 
In the application 
example 
(Figure 
10), six 


conversions 
are configured, 
and the conversion 
time is 
(9 x 6 x 2)/5MHz 
= 21.6~s 


U-/4-cnanne, ADCs with 
Simultaneous 
T/Hs and Reference 


11111111 


11111110 


11111101 


(FS - 3/2 LSB);- 


FS = 2VREF 
FS 


1LSB = 256 
00000011 


ססoo 0010 


ססoo0001 


ססoo0000 
AIN 


FS-1LSBJ 
lFS 


OUTPUT 
COOE 


011111111 


01111110 


ססoo 0010 


FS = 2VREF 


FS 


1LSB = 256 


10000001V 


1000ססoo 


_____ 
App'ication 
Information 


9·Bit AID Conversion 


In I/O Mode, 
a 9th bit of resolution 
can 
be created 
by 


performing 
two unipolar 
differential 
conversions 
with op- 
posite input polarities 
(i.e. first with AINO[+] 
and AIN1[-]. 


then with AINO[-] and AIN1[+J). 
Only the AO bit must be 


changed 
to reverse input channel 
polarity 
(Table 3). The 


sign 
reversal 
also occurs 
on the current 
write without 
a 


one conversion 
delay. For a differential 
input signal, 
one 


of the two 
conversions 
will 
read 
0 while 
the other 
will 
contain an 8-bit result. The input polarity that provides 
the 
8-bit 
result 
indicates 
the 9th (sign) 
bit. 4 channels 
can 


be measured 
this way. A major 
drawback 
of this tech- 


nique 
is that 
many 
of the 
sampling 
features 
of 
the 


MAX155/MAX156 
are defeated 
since two separate 
sam- 
ples are needed. 


If only two 9-bit channels 
are needed, 
then two separate 


differential 
channels 
with reversed 
input polarities 
can be 


connected 
so that both input pairs sample 
at the same 
time. This way the simultaneous 
sampling 
advantages 
of 
the MAX155/MAX156 
are retained. 


Typical I/O Mode Application 


MAX155/MAX156 
address 
and 
configuration 
inputs 
for 


this example 
were determined 
by selecting 
the desired 


channel 
configurations 
in Tables 2 and 3. Figure 
10 illus- 
trates the configuration 
outlined 
in Table 5. 


A2 
Ai 
AO 
DIFF 
SIP 
FUNCTION 


0 
0 
1 
1 
1 
Channel 
(1,0), 
Differential, 


Bipolar 


0 
1 
0 
0 
0 
Channel 
2, Single-Ended, 


Unipolar 


0 
1 
1 
0 
1 
Channel 
3, Single-Ended, 


Bipolar 


1 
0 
0 
0 
1 
Channel 
4, Single-Ended, 


Bipolar 


1 
0 
1 
0 
0 
Channel 
5, Single-Ended, 


Unipolar 


1 
1 
0 
1 
0 
Channel 
(6, 7), Differential, 


Unipolar 


B-/4-Channel ADCs with 


Simultaneous 
T/Hs and Reference 


(-)3 
AIN 


(1)} 
DIFFERENTIAL 


(+) 4 
(0) 
BIPOLAR 


REFOUT 
21 


REFIN 
22 


(2) UNIPOLAR 


..NIAXI..NI 


MAX/55 


(3) BIPOLAR 


An A/D 
conversion 
in I/O Mode 
involves 
the following 
three steps: 


1. 
Configure the mux by loading data into the configuration 
register based on selections from Table 2 and/or 3 (with 
INH = 1 and MODE = open circuit). For this example, 6 
write operations 
(with each address and data setting in 


Table 5 above) load the mux after power-up. 


2. 
Sample 
all selected 
channels 
with a WR pulse (and 
INH = 0), and update or rewrite anyone 
location of the 
configuration 
register. 


This write operation 
may be skipped 
by loading 
INH with 


a 0 on the last WR of the above step. The conversion 
then 
starts on the 6th WR. DIFF and BIP cannot 
be changed 


on the 6th WR if the conversion 
is started 
at that time. 


When 
the conversion 
starts, 
BUSY goes 
low while 
all 
selected 
channels 
are sequentially 
converted. 
Conver- 
sion results are stored in RAM and are ready to read when 
BUSY returns high. 


3. 
Data 
is read 
from 
RAM with 
INH = L and 
consec- 


utive 
RD strobes. 
Note that 
in the 6 channel 
con- 
figurations 
described 
in this example 
(Figure 
10), 


6 RD pulses 
access 
all 
available 
data, 
start~ 


with 
the differential 
channel 
(1,0). 
Additional 
RD 


pulses 
loop 
around, 
accessing 
the 
lowest 
chan- 


nel data 
again. 


4. 
To start a new conversion 
cycle 
with the same mux 


configuration, 
repeat steps 2 and 3. 


ClK 


11 


CLOCK 


MODE 


5 


cs 
7 


8 
27 
(5) UNIPOLAR 
R5 
WR 


9 


BUSY 
10 


20 
.15,13,12 


00-07 
DATA I/O LINES 


B-/4-Channel ADCs with 
Simultaneous 
T/Hs and Reference 


~ 
_ Ordering Information (continued) 
,.. 


~; 


~an,.. 


~i 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 
ERROR 
(L5Bs) 


MAX1SSAEPI 
-40·C to +8S·C 
28 Plastic DIP 
±1/2 


MAX1SSBEPI 
-40·C to +8S·C 
28 Plastic DIP 
±1 


MAX1SSAEWI 
-40·C to +8S·C 
28 Wide SO 
±1/2 


MAX1SSBEWI 
-40·C to +8S·C 
28 Wide SO 
±1 


MAX1SSAMJI 
-SS·C to + 12S·C 
28CERDIP** 
±1/2 


MAX1SSBMJI 
-SS·C to + 12S·C 
28 CERDIP" 
±1 


MAX1S6ACNG 
O·C to +70·C 
24 Plastic 
Dlpt 
±1/2 


MAX1S6BCNG 
O·C to +70·C 
24 Plastic Dlpt 
±1 


MAX1S6ACWI 
O·C to +70·C 
28 Wide SO 
+1/2 


MAX1S6BCWI 
O·C to+70·C 
28 Wide SO 
±1 


MAX1S6BC/D 
OT 
to +70·C 
Dice* 
±1 


MAX1S6AENG 
-40·C to +8S·C 
24 Plastic 
Dlpt 
±1/2 


MAX1S6BENG 
-40·C to +8S·C 
24 Plastic 
Dlpt 
±1 


MAX1S6AEWI 
-40·C to +8S·C 
28 Wide SO 
±1/2 


MAX1S6BEWI 
-40·C to +8S·C 
28 Wide SO 
±1 


• Contact 
factory 
for dice specifications 
. 


•* Contact 
factory 
for availability 
and processing 
to M/L-STO-883. 


t Narrow 


Voo 


AGNO 


REFIN 


REFOUT 


DO/AD 


Ol/Al 


02 


03/PO 


04ANH 


05/BIP 


AIN2 


NC. 


AIN3 


N.C. 


Voo 


AGNO 


REFIN 


REFOUT 


DO/AD 


Ol/Al 


02 


03/PO 


04ANH 


05/BIP 


WIDE 50 


B-/4-Channel ADCs with 


Simultaneous 
T/Hs and Reference 


AGND 


AGND 
REFIN 
0.288" 


(7.320 
mm) 


RD 
WR 
BUSY 
elK 


l~ 
... 
C 
1I. 
:I: 
C 
'" 
... 
Z 
~ 
Z 
1I. e. 
~ 
Cl 
S 
•• 
;;;; 
C 
C 
C 
C 
~ 
C 
C 
C 


0.153" 


(3.890 
mm) 


NOTE: 
LABELS 
IN ( 
) ARE 
FOR 
MAX156. 
- 


_______ 
General Description 


The 
MAX165/MAX166 
are 
high-speed 
(5~s) 


microprocessor 
(~P)- 
compatible, 
8-bit 
ADCs 
with 


track/hold 
(T/H). 
The T/H function 
allows full-scale 
sig- 


nals up to 50kHz 
(386mVMs 
slew rate) to be acquired 


and digitized 
accurately. 
Both ADCs use a successive 


approximation 
technique 
to achieve fast conversions 
and 


low power 
dissipation. 
The MAX165/MAX166 
operate 


with a +5V supply 
and 
an internal 
or external 
+ 1.23V 


reference, 
and 
accept 
single-ended 
(MAX165) 
or dif- 


ferential 
(MAX166) 
voltages 
ranging 
from OV to 2VREF. 


The MAX165/MAX166 
are easily interfaced 
to all popular 


8-bit ~Ps through standard CS and RD control signals. These 
signals control the start of conversions and data access. A 
BUSY signal indicates the beginning and end of conversions. 
Since all the data outputs are latched and three-state buf- 
fered, the MAX165/MAX166 can be directiy tied to a ~P data 
bus or system input/output port. 


The MAX165 
is a plug-in 
replacement 
for the MX7575, 
with the 
addition 
of an internal 
1.23V reference. 
For 


applications 
that require 
a differential 
analog 
input and 


an internal 
reference, 
the MAX166 
is recommended. 


__________ 
Applications 


Digital-Signal 
Processing 


High-Speed 
Data Acquisition 


Telecommunications 


Audio Systems 


High-Speed 
Servo Loops 


Low-Power 
Data Loggers 


_______ 
Pin Configurations 


TOPVIEW 


REFIN 


AIN+ 


CLK 
5 
07 


(MSB) 


06 7 


AIN- 


1 
AGNO 


00 
(LSB) 
01 


02 


.J'1I1.J'JX 1.J'1I1 


CMOS ~P-Compatible,5~s, 
8-8it ADCs 


• 5~s Conversion 
Time 


• 
Built-In Track/Hold 
• ±1LSB Max Total Unadjusted 
Error 


• 
50kHz Signal 
Bandwidth 


• 
Internal 
1.23V Bandgap 
Reference 
and Buffer 


• 
Single +5V Supply Operation 


• 
8-Bit ~P Interface 


• 
100ns Data-Access 
Time 


• 
15mW Typ Power Consumption 


• 
Small Footprint 
Packages 


• 
Plug-In Upgrade 
to the MX7575 
(MAX165) 
_______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 
ERROR 
(LSB) 


MAX16SACPN 
O'C to +70'C 
18 Plastic 
DIP 
+1/2 


MAX16SBCPN 
O'C to +70'C 
18 Plastic 
DIP 
±1 


MAX16SACWN 
O'C to +70'C 
18 Wide SO 
±1/2 


MAX16SBCWN 
O'C to +70'C 
18WideSO 
±1 


MAX16SBC/D 
O'C to +70'C 
Dice' 
±1 


MAX16SAEPN 
-40'C 
to +8S'C 
18 Plastic 
DIP 
±1/2 


MAX16SBEPN 
-40'C 
to +8S'C 
18 Plastic DIP 
±1 


MAX16SAEWN 
-40'C 
to +8S'C 
18WideSO 
+1/2 


MAX16SBEWN 
-40'C 
to +8S'C 
18WideSO 
+1 


MAX16SAMJN 
-SS'C to + 12S'C 
18 CERDIP** 
+1/2 


MAX16SBMJN 
-SS'C to + 12S'C 
18 CERDIP** 
+1 


Ordering 
Information 
continued 
on last page. 
• Contact 
factory 
for dice specifications. 


"Contact 
factory 
for availability 
processing 
to MIL -STD-883. 


______ 
Functional Diagrams 


AIN 
16 


AGNO 
15 


4 
BUSY 


FUndional 
Diagrams 
continued 
on last page. 


- 


/~I/JXI/~I 
Call toll free 1·800·998·8800 for free samples or literature. 


CMOS JlP.Compatible 
5Jls, 
B·Sit ADCs 


ABSOLUTE 
MAXIMUM 
RATINGS 


Voo to AGND 
. 
Vooto 
DGND 


AGNDtoDGND 
Digital 
Input Voltage 
to DGND 


(MAX165 
Pins 1,2) 
. 
(MAX166 
Pins 1,2,4) 
. 


Digital Output 
Voltage 
to DGND 


(MAX165 
Pins 4, 6-8,10-14) 
-03V, 
Voo +0.3V 


(MAX166 
Pins 5,7-9, 
11-15) 
-0.3V, Voo +0.3V 


ClK 
Input Voltage 
(MAX165 
Pin 5) to DGND 
. -0.3V, Voo +0.3V 


ClK 
Input Voltage 
(MAX166 
Pin 6) to DGND 
. -0.3V, Voo +0.3V 
REFIN, REFOUT to AGND 
-0.3V, Voo +0.3V 


MAX165 
AIN to AGND 
. 
. 
-0.3V, Voo +0.3V 


MAX166 
AIN+, 
AIN- to AGND 
-0.3V, Voo +0.3V 


Continuous 
Power Disipation 
(TA = +70"C) 


18-Pin Plastic 
DIP (derate 
11.11mWrC above 
+70"C) 
889mW 


18-Pin Wide SO (derate 9.52mWrC above 
+ 70"C) 
762mW 


18-Pin CERDIP (derate 
10.53mWrC above 
+70"C) 
842mW 
2O-Pin Plastic 
DIP (derate 
11.11mWrC above 
+70"C) 
889mW 


20-Pin Wide SO (derate 
10.00mWrc above+70"C) 
.. 800mW 


20-Pin CERDIP (derate 
11.11mWrC above 
+70T) 
... 
889mW 


Operating 
Temperature 
Ranges: 


MAX16 __ C__ 
.O"C to +70"C 


MAX16 __ E__ 
. -40"C to +85"C 


MAX16 __ M_ _ 
. -55"C to + 125"C 


Storage 
Temperature 
Range 
-65"C to + 150"C 


lead 
Temperature 
(soldering, 
10 sec) 
+3OO"C 


. 
-0.3V, + 7V 


......... 
-0.3V,+7V 


.... 
-0.3V, Voo +0.3V 


. 
-0.3V, Voo +0.3V 


. 
-0.3V, Voo +0.3V 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specification 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
the device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Voo = +5V, REFIN = + 1.23V, AGND = DGND = ov, AIN- = ov (MAX166), fCLK= 4MHz external, TA = TMINto TMAX,unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
8 
Bits 


MAX165A 
±1 


Total Unadjusted 
Error 
TUE 
MAX165B 
±2 
lSB 


MAX166A/C 
±1 


MAX166B/D 
±2 


MAX165A 
±1/2 


Relative Accuracy 
MAX165B 
±1 
lSB 


MAX166NC 
±1/2 


MAX166B/D 
±1 


No-Missing-Codes 
Resolution 
8 
Bits 


Full-Scale 
Error 
±1 
lSB 


Full-Scale 
Tempco 
±5 
ppmrc 


Offset Error (Note 1) 
±1/2 
lSB 


Offset Tempco 
±5 
ppmrc 


ANALOG 
INPUT 


Voltage 
Range 
1lSB 
= 2VREF/256 
0 
2VREF 
V 


Voltage 
Range AIN+ (MAX166) 
AIN- 
Voo 
V 


Voltage 
Range AIN- 
(MAX166) 
0 
AIN+ 
V 


DC Input Impedance 
10 
MO 


Slew Rate, Tracking 
0.386 
V/liS 


SNR(Note 
2) 
VIN = 2.46Vp_p at 10kHz (Figure 
13) 
45 
dB 


CMOS JlP-Compatible, 
5Jls, 


B-Sit ADCs 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Voo = +SV, REFIN = + 1.23V, 
AGND = DGND = OV, AIN- = ov (MAX 166'), !eLK = 4MHz external, TA = TMINto TMAX,unless otherwise 
noted.) 


PARAMETER 
!SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


REFERENCE 
(Note 2) 


REFIN Range (Note 3) 
VREF 
±S% variation 
for specified 
performance 
1.16 
1.23 
1.29 
V 


REFIN Current 
IREF 
SOD 
uA 


REFOUT Voltage 
REFOUT 
TA = +2S·C 
1.18 
1.21 
1.23 
V 


REFOUT Load Regulation 
TA = +2S·C, 
Il = OmA to 1.SmA 
3 
mV 


REFOUT Supply 
Sensitivity 
VDD±S% 
±l.S 
mV 


MAX 16SAC/AE/BC/BE 
40 
70 


Temperature 
Drift 
MAX16SAM/BM 
60 
100 
ppmrC 
MAX 166AC/AE/BC/BE 
40 
70 
MAX166AM/BM 
60 
100 


External Capacitive 
Load 
4.7 
uF 
Requirement 


LOGIC INPUTS 


CS, RD, MODE (MAX166) 


Input Low Voltaqe 
VINl 
0.8 
V 


Input Hiqh Voltaqe 
VINH 
2.4 
V 


Input Current 
IiN 
VIN = OV or VDD 


TA = +2S·C 
+1 
mA 
TA= 
TMINto 
TMAX 
±10 


Input Capacitance 
(Note 3) 
CIN 
10 
pF 


CLOCK 


Input Low Voltage 
VINl 
0.8 
V 


Input High Voltaqe 
VINH 
2.4 
V 
MAX16 
C/E 
700 
Input Low Current 
IiNl 
VIN = OV 
MAX16 
M 
800 
uA 


Input High Current 


MAX16 
C/E 
700 
IINH 
VIN = VDD 
MAX16 
M 
800 
uA 


LOGIC OUTPUTS 


BUSY, DO to D7 


Output 
Low Voltaqe 
Val 
ISINK = 1.6mA 
0.4 
V 


Output 
Hiqh Voltaqe 
VOH 
ISOURCE= 40uA 
4.0 
V 


DO to D7 


Floating 
State Leakage 
Current 
MAX16 
C/E 
+1 
VOUT = OV to VDD 
MAX16 
M 
±10 
mA 


Floating 
State Output 
10 
pF 
Capacitance 
(Note 3) 


CONVERSION 
TIME (Note 4) 


With External 
Clock 
fClK = 4MHz 
S 
us 


Using recommended 
clock components 


With Internal Clock 
RClK = 100kn, 
CClK 
= WOpF, 
S 
lS 
US 


TA = +2S·C 


POWER 
REQUIREMENTS 
(Note 5) 


Supply 
Voltage 
VDD 
±S% for specified 
performance 
S 
V 


Supply 
Current 
IDD 
MAX16 
C/E 
3 
6 
MAX16 
M 
3 
7 
mA 


Power Dissipation 
lS 
mW 


Power-Supply 
Rejection 
4.7SV 
< VDD < S.2SV 
+1/4 
LSB 
- 


CMOS ~P.Compatible 5~sJ 
8·8it ADCs 


TIMING CHARACTERISTICS 
(Note 6) 


(Voo = +5V, REFIN = + 1.23V, AGND = DGND = OV, unless otherwise 
noted.) 


TA= 
+2S"C 
TA = TMIN to TMAY 


PARAMETER 
SYMBOL 
CONDITIONS 
ALL 
MAX16 
C/E 
MAX16 
M 
UNITS 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


CS to RD Setup Time 
t1 
0 
0 
0 
ns 


RD to BUSY Propaaation 
Time 
t2 
100 
100 
120 
ns 


Data-Access 
Time after RD 
13 
(Note?) 
100 
100 
120 
ns 


RD Pulse Width 
14 
100 
100 
120 
ns 


CS to RD Hold Time 
Is 
0 
0 
0 
ns 


Data-Access 
Time after BUSY 
t6 
(Note 7) 
80 
80 
100 
ns 


Data-Hold 
Time after RD 
t7 
(Note 8) 
10 
80 
10 
80 
10 
100 
ns 


BUSY to CS Delay 
ta 
0 
0 
0 
ns 


Note 
1: Offset Error is measured 
with respect 
to an ideal first code transition 
which 
occurs 
at 1/2LSB. 
Note 2: REFOUT is not available 
for use in MAX166C/MAX166D. 
These parts must be used with an external 
reference. 
Note 3: Guaranteed 
by design, 
not tested. 


Note 4: Accuracy 
may degrade 
at conversion 
times other than those specified. 
Note S: Power-supply 
current 
is measured 
when MAX165/MAX166 
are inactive, 
i.e. 


for MAX165 
CS = RD = BUSY = high; 
for MAX166 
CS = RD = BUSY = MODE = high. 


Note 6: Timing 
Specifications 
are sample 
tested 
at +25'C 
to ensure 
compliance. 
All input control 
signals 
are specified 
with 
lr = tf = 20ns (10% to 90% of +5V) and timed from a 1.6V voltage 
level. 


Note 7: 13 and ts are measured 
with the load circuits 
of Figure 
1 and defined 
as the time required 
for an output 
to cross 0.8V or 2.4V. 


Note 8: t7 is defined 
as the time required 
for the data lines to change 
0.5V when loaded 
with the circuits 
of Figure 2. 


Specifications 
subject 
to change 
without 
notice. 


______ 
Detailed Description 


Converter Operation 


The MAX165/MAX166 
use the successive 
approximation 
technique 
to convert an unknown 
analog input voltage to 
an 8-bit digital 
output 
code 
(see Functional 
Diagrams). 
The MAX165/MAX166 
sample 
the input 
voltage 
on an 
internal 
capacitor 
once at the beginning 
of the conver- 
sion, (see Track/Hold 
section). 
The DAC is initially set to 
half scale, 
and the comparator 
determines 
whether 
the 
input signal is larger or smaller than half scale. 
If the input 


is larger, the DAC most significant 
bit (MSB) is kept; 
if it 


is smaller, 
the MSB is dropped. 
At the end 
of each 
comparison 
phase, 
the 
successive 
approximation 
register (SAR) stores the results of the previous 
decisions 
and 
determines 
the 
next trial 
bit. 
This 
information 
is 
loaded 
into the DAC after each decision. 
As the conver- 


sion proceeds, 
the analog 
input 
is approximated 
more 
closely as it is compared 
to the combined 
previous 
DAC 
bits and a new DAC trial bit. After 8 comparison 
cycles, 
the 8 bits stored 
in the SAR are latched 
into the output 
latches. 
At the end of the conversion, 
the BUSY signal 
goes high, and the data in the output latches 
is ready for 
l!P access. 
Furthermore, 
the DAC is reset to half scale in 
preparation 
for the next conversion. 
____ 
Microprocessor Interface 


The CS and RD logic inputs are used to initiate conver- 
sions and to access 
data from the devices. 
The MAX165/ 


~ 
"+ 
IT' 
I'~ 


= 
OGNO= 
-= 
OGNO 


ONIT 
-= 
OGNO 
= "+ 
J 10pF 


OGNO 


B. VOL to High-Z 


CMOS ~P·Compatible, 5~s, 


8·8it ADCs 


PIN 


NAME 
FUNCTION 


MAX165 
MAX166 


1 
1 
CS 
CHIP SELECTInput. CS must 
be low for the device to be 
selected, or to recognize the 
RD input. 


2 
2 
RD 
READ Input. RD must be low 
to access data. RD is also 
used to start conversions. 
See the Digital Interface 
sec- 
tion. 


3 
3 
REFOUT Output of the internal 1.23V 
bandgap reference 


4 
MODE 
MODE (MAX166). Mode = 
low puts the ADC into 
asynchronous-conve rsion 
mode. MODE has to be tied 
high for synchronous-conver- 
sion mode and ROM inter- 
face mode. 


4 
5 
BUSY 
BUSY Output. BUSYgoing 
low indicates the start of a 
conversion. BUSYgoing high 
indicates the end of a conver- 
sion. 


5 
6 
ClK 
ExternalClock Input/Internal 
Oscillator Pinfor frequency 
setting RCcomponents. 


6 
7 
07 
Three-StateData Output, 
(MSB) 
bit 7 (MSB) 


MAX166 
have two common 
interface 
modes that will be 
referred 
to as slow-memory 
interface 
mode 
and 
ROM 
interface 
mode. 
In 
addition, 
the 
MAX166 
has 
an 
asynchronous 
conversion 
mode (MODE pin = low) where 
continuous 
conversions 
are 
performed. 
In the 
slow- 
memory interface 
mode, CS and RD are taken low to start 


a conversion 
and remain low until the end of the conver- 
sion, 
at which 
time 
data 
is updated. 
This 
mode 
is 
designed 
for liPS that can be forced 
into a wait state. 
In 
ROM interface 
mode, 
however, 
the liP is not forced 
into 
a wait state. 
A conversion 
is started by taking CS and RD 


low, and data from the previous 
conversion 
is read. At 


the end of the most recent conversion, 
the liP executes 
a READ instruction 
and starts another 
conversion. 


Slow-Memory Interface 
Mode 


Figure 
3 shows 
the timing 
diagram 
for 
slow-memory 
interface 
mode. This mode is used with liPS that have a 
wait state capability 
of at least SliS (such as the SOSSA), 


where a READ instruction 
is extended 
to accommodate 
slow-memory 
devices. 
A conversion 
is started 
by ex- 


PIN 
NAME 
FUNCTION 
MAX165 
MAX166 


7 
8 
06 
Three-State Data Output, bit 6 


8 
9 
05 
Three-State Data Output, bit 5 


9 
10 
DGND 
Digital Ground 


10 
11 
04 
Three-State Data Output, bit 4 


11 
12 
03 
Three-State Data Output, bit 3 


12 
13 
02 
Three-State Data Output, bit 2 


13 
14 
01 
Three-State Data Output, bit 1 


14 
15 
DO 
Three-State, Data Output, 


(lSB) 
bitO (lSB) 


15 
16 
AGND 
Analog Ground 


16 
AIN 
Analog Input - (singie-ended 
with respect to AGND) OVto 
2VREFinput range 


17 
AIN- 
Negative Analog Input - dif- 
ferential (MAX166) 


18 
AIN+ 
Positive Analog Input - dif- 
ferential (MAX166) 


17 
19 
REFIN 
Reference Input +1.23V 
nominal 


18 
20 
VDD 
Power-Supply Voltage +5V 
nominal 


ecuting 
a memory READ to the device (taking CS and RD 
low). 
The BUSY signal 
(which 
is connected 
to the liP 


READY input) then goes low and forces the liP into a wait 
state. The T/H, which has been tracking 
the analog 
input 
signaj,Jlolds 
the signal 
on the third falling 
clock 
edge 


after RD goes low (Figure 
12). At the end of the conver- 
sion, BUSY returns high, the output 
latches, 
and buffers 


are updated 
with the new conversion 
results. The liP then 
completes 
the memory READ by acquiring 
this new data. 


B-Sit A'Des 


The MAX165/MAX166's 
fast conversion 
time ensures that 
the I!P is not forced 
into a wait state for too long. 
Faster 


versions 
of many 
I!PS, including 
the 8085A-2, 
test the 


status 
of the 
READY 
input 
right 
after 
the 
start 
of an 


instruction 
cycle. 
Therefore, 
for the MAX165/MAX166 
to 


effectively 
place the I!P in a wait state, their BUSY output 


should 
go low very early in the cycle. 
When 
using the 


8085A-2, 
the earliest possible 
indication 
of an upcoming 
READ operation 
is provided 
by the SOstatus signal. Thus, 


SO (which is low for a READ cycle) should 
be connected 


to the RD input of the MAX165/MAX166. 
Figure 4 shows 
the 
connection 
diagram 
for 
the 
8085A-2 
to 
the 


MAX165/MAX166 
in slow-memory 
interface 
mode. 


ROM Interface 
Mode 


Figure 
5 shows 
the timing 
diagram 
for ROM interface 


mode. 
In this mode, the I!P does not need to be placed 


in a wait state. 
A conversion 
is started 
with 
a READ 


instruction 
(RD and CS go low), and old data is accessed. 


The BUSY signal then goes low to indicate 
the start of a 


conversion. 
As before, the T/H acquires 
the signal on the 


third falling clock edge after RD goes low. 
At the end of 


conversion 
(BUSY going high), another READ instruction 


always 
accesses 
the new 
data 
and 
normally 
starts 
a 


second 
conversion. 
However, 
if RD and CS go low within 


one external clock period of BUSY going high, the second 


• LINEAR CIRCUITRY 
OMITTED 
FOR CLARITY 


SO = a FOR READ CYCLES 


Figure 4. 
MAX165/MAX166 
to 8085A-2 
Slow-Memory 
Interface 


HIGH- 


IMPEDANCE 
BUS 


conversion 
is not started. 
For correct 
operation 
in this 


mode, RD and CS should not go low before BUSY returns 
high. 


Figures 6 and 7 show the connection 
diagrams 
for inter- 


facing 
the 
MAX165/MAX166 
in ROM 
interface 
mode. 


Figure 6 shows the connection 
diagram 
to the 6502/6809 


I!PS, and Figure 7 shows interfacing 
to the Z-80. 


Due to their fast interface 
timing, 
the MAX165/MAX166 


will interface 
to the TMS32010 
running 
at up to 18MHz. 


Figure 8 shows the connection 
diagram 
to the TMS3201 O. 


In this interface, 
the MAX165/MAX166 
are mapped 
as a 


port address. 
A conversion 
is initiated 
by using an IN A 


and a PA instruction, 
and the conversion 
result is placed 


in the TMS32010 
accumulator. 


Asynchronous 
Conversion 
Mode (MAX166J 


Tying 
the 
MODE 
pin 
low 
places 
the 
MAX166 
into 
a 


continuous-conversion 
mode. The RD and CS inputs are 


only used for 
reading 
data from the converter. 
Figure 9 


shows the timing diagram 
for this mode of operation, 
and 


Figure 10 shows the connection 
diagram 
of the converter 


to the 8085A. 
In this mode, the MAX166 appears 
like a 


ROM to the I!P, in that 
data 
can 
be accessed 
inde- 
pendently 
of the clock. 
The output 
latches 
are normally 


AD-A15 


6502-6809 


Rffl 


fijj tf)I~' 


07 


00 


updated 
on the rising edge of BUSY 
But, if CS and RD 


are low when BUSY goes high, the data latches 
are not 


updated 
until one of these inputs returns high. 
Addition- 


ally, the MAX166 stops converting 
and BUSY stays high 


until RD or CS goes high. 
This mode of operation 
allows 


a simple llP interface. 


Microprocessor 
Interface 
For 
Signal Acquisition 


Many applications 
require sampling 
of the input signal at 


equal 
intervals 
to minimize 
errors 
caused 
by sampling 


uncertainty 
or jitter. 
To achieve 
this with the previously 


discussed 
interfaces, 
the 
user 
must 
match 
software 


delays or count the number of elapsed 
clock cycles. 
This 


becomes 
difficult 
in interrupt 
driven 
systems 
where 
the 
uncertainty 
in interrupt 
servicing 
delays 
is another 
com- 


plicating 
factor. 


The solution 
is to use a real-time 
clock to control the start 


of a conversion. 
This should 
be synchronous 
with the 


clock input to the ADC (both should 
be derived 
from the 


same source) 
because 
the s~ling 
instants occur three 


clock 
cycles 
after 
CS and 
RD go low. 
Therefore, 
the 


sampling 
instants 
occur 
at exactly 
equal 
intervals 
if the 


conversions 
are 
started 
at 
equal 
intervals. 
In this 


scheme, 
the output 
data is fed into a FIFO latch, which 


allows the llP to access 
data at its own rate. This guaran- 


tees that data is not read from the ADC in the middle 
of 


a conversion. 
If data 
is read 
from the ADC 
during 
a 


conversion, 
the 
conversion 
in progress 
may 
be 
dis- 


turbed, 
but 
the 
accessed 
data 
that 
belonged 
to the 


previous 
conversion 
will be correct. 


The T/H starts hol®Jg 
the l!:!2ut on the th~fallin~ge 


of the clock 
after CS and RD go low. 
If CS and RD go 


low within 20ns of a falling 
clock 
edge, 
the ADC mayor 


may not consider 
this falling edge as the first of the three 


ed~ 
that determine 
the sampling 
instant. 
Therefore, 
the CS and RD should not be allowed to go low within this 
period when sampling 
accuracy 
is required. 


__________ 
TracIclHold 


The T/H consists 
of a sampling 
capacitor 
and a switch to 


capture 
the input signal. 
The simplified 
diagram 
of this 
block 
is shown 
in Figure 
11. At the 
beginning 
of the 


conversion, 
switch 
S1 is closed, 
and the input signal 
is 


tracked. 
The input signal is helQiswitcb....§.1 opens) on the 
third falling edge of clock after CS and RD go low (Figure 
12) .This allows a minimum of two clock cycles for the input 
capacitor 
to be charged 
to the input voltage through 
the 
switch resistance. 
The time required for the hold capacitor 


to settle to ±1/4LSB is typically 
lns. 
Therefore, 
the input 


signal is allowed ample time to settle before it is acquired 
by the T/H. When a conversion ends, switch S1 closes, and 
the input signal is tracked. 
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CMOS ~P-Compatible 5~s, 
B-Bit ADCs 


The T/H can 
acquire 
signals 
with 
slew 
rates of up to 


386mV/lls 
(or 
equivalently 
a 50kHz 
sine 
wave 
with 


2.46Vp_p amplitude). 
Figure 13 shows the signal-to-noise 


ratio (SNR) versus input frequency 
for the ADC. The SNR 


plot 
is generated 
at a sampling 
rate of 200kHz 
using 


sinusoidal 
inputs 
with 
a 
2.46Vp_p 
amplitude. 
The 


reconstructed 
sine wave 
is passed 
through 
a 50kHz, 


8th-order 
Chebyshev 
filter. 
The improvement 
in SNR at 


high frequencies 
is due to the filter cutoff. 


The switching 
nature of the analog 
input results 
in tran- 


sient currents 
that charge 
the T/H's input capacitance. 
Keep the driving 
source 
impedance 
low (below 
2kQ) so 


the T/H's settling characteristics 
are not degraded. 
A low 


driving 
impedance 
also 
minimizes 
undesirable 
noise 


pick-up 
and 
reduces 
DC errors 
caused 
by transient 
currents 
at the 
analog 
input. 
As with 
any ADC, 
it is 


important 
to keep external 
noise sources 
to a minimum 


during 
a conversion. 
Keep the data bus as quiet 
as 


possible 
during a conversion, 
especially 
when the T/H is 


making 
a transition 
to hold mode. 


Device accuracy 
may degrade 
slightly when conversion 


times are significantly 
longer than 5lJ.S,as shown in Figure 


14. This degradation 
is due to the charge that is lost from 


the hold 
capacacitor 
in the presence 
of small on-chip 


leakage 
currents. 


___ 
Differential 
Input (MAX166j 


The MAX166 converts 
differential 
inputs [(AIN+) - (AIN-)) 


in the OV to 2VREF range. 
This can be especially 
useful 
in single-supply 
applications 
where 
the 
output 
swing 


requirements 
on the input 
amplifier 
are reduced. 
For 


example, 
if AIN- 
is tied to the reference 
output 
of the 


MAX166, the voltage swing on AIN+ must fall in the 1.23V 
to 3.69V range. 
Furthermore, 
the differential 
capability 


allows 
the converter 
to reject 
low-frequency 
common- 


mode signals. 


The voltage 
at AIN+ 
is sampled 
at the beginning 
of the 


conversion 
and is referenced 
to AIN- during 
the conver- 


sion. 
Therefore, 
it is essential that the voltage on AIN- be 


relatively 
constant 
with respect 
to AGND during the con- 


version, otherwise 
conversion 
errors will result. 
If the AIN- 


input changes 
by a small voltage 
during the conversion, 


the conversion 
result 
can 
show 
an error 
in the same 


amount. 
For example, 
if the input has a 60Hz common- 


mode component 
of 0.5V with respect 
to AGND, an error 


of less than 0.1 LSB is incurred 
during the 511Sconversion. 


Conversion 
errors 
increase 
with 
higher 
frequency 
or 


higher amplitude 
common-mode 
signals. 


Reference Input 


This ADC's 
high speed 
can be partially 
attributed 
to its 


DAC's 
"inverted-voltage 
output" 
topography. 
This 


topography 
provides 
low offset and gain errors and fast 


settling 
times. The input current to the DAC, however, 
is 


not constant. 
During 
a conversion, 
as different 
DAC 


codes 
are tried, 
the 
DAC's 
DC impedance 
can 
vary 
between 
6kQ 
and 
18kn. 
Furthermore, 
when 
the 
DAC 
codes 
change, 
small 
amounts 
of transient 
current 
are 


drawn 
from the reference 
input. 
These 
characteristics 


require 
a low DC and 
AC 
driving 
impedance 
for the 


reference 
circuitry 
to minimize conversion 
errors. 


Figure 
15 shows 
the external 
reference 
circuitry 
recom- 


mended 
for 
d riving 
the 
reference 
input 
of 
the 


MAX165/MAX166. 
The decoupling 
capacitors 
are neces- 
sary to provide a low AC source impedance. 
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13. 
MAXI65/MAXI66 
SNR vs. Input Frequency 
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Figure 
14. 
MAXI65A/MAXI66A 
Accuracy 
vs. Conversion 
Time 
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_______ 
'nterna' Reference 


The MAX165/MAX166 
have an internal 
1.23V bandgap 
reference 
and buffer 
suitable 
for driving 
the reference 
input of the ADC. 
As discussed 
before, 
the reference 
input requires 
a low DC and AC driving 
impedance. 


The reference 
buffer requires 
a 4. 711Flow-ESR capacitor 
(tantalum 
or aluminum 
with additional 
0.111Fceramic) 
for 
compensation 
and to achieve 
low-AC impedance. 
If this 
capacitor 
is omitted, 
oscillations 
can 
occur 
on 
the 
REFOUT pin. 
If the user opts for an external 
reference, 


the REFOUT pin can be tied to VDDto disable 
the internal 


reference. 


________ 
'nternaYExterna'C'ock 


The MAX 165/MAX 166 can be run either with an externally 
applied 
clock or with their internal clock. 
In either case, 


the signal appearing 
at the clock pin is internally 
divided 
by two to provide 
an internal clock signal that is relatively 


insensitive 
to the input clock 
duty 
cycle. 
Therefore, 
a 


single 
conversion 
takes 
20 input 
clock 
cycles, 
which 
corresponds 
to 10 internal clock cycles. 


'nternal Clock 


The internal 
oscillator 
frequency 
is set by an external 
capacitor, 
CCLK,and an external resistor, RCLK,which are 


connected 
as shown in Figure 16a. During a conversion, 


a sawtooth 
waveform 
is generated 
on the ClK 
pin by 


charging 
CCLK through 
RCLKand discharging 
it through 


an internal switch. At the end of a conversion, 
the internal 
oscillator 
is shut down by clamping 
the ClK 
pin to VDD 


through an internal switch. The circuitforthe 
internal oscillator 


can be easily overdriven with an external clock source. 


The internal oscillator 
provides 
a convenient 
clock source 


for the MAX165/MAX166. 
Typical 
conversion 
times ver- 


sus temperature 
for the recommended 
RCLK and CCLK 


combination 
are shown 
in Figure 
17. 
Due to process 


variations, 
the oscillation 
frequency 
for this RCLK, CCLK 


combination 
may vary 
by as much 
as ±50% 
from 
the 


nominal value shown in Figure 17. Therefore, 
an external 
clock should 
be used in the following 
situations: 


1. 
Applications 
which 
require 
the conversion 
time to 


be within 50% of the minimum 
conversion 
time for 
the specified 
accuracy 
(5I1S). 


2. 
Applications 
in which 
time-related 
software 
con- 
straints 
cannot 
accommodate 
conversion 
time dif- 


ferences, 
which may occur from unit to unit or over 


temperature 
for a given device. 


External Clock 


The ClK 
input of the MAX165/MAX166 
may be driven 


directly 
by a 74HC or 4000B series buffer (e.g., 4049) or 


an lS TIl 
with a 5.6kQ 
pullup 
resistor. 
At the end of a 


CMOS JlP.Compatible 
5Jls, 


B·Bit ADCs 


conversion, 
the device 
ignores 
the clock 
input and dis- 
ables 
its internal 
clock 
signal. 
Therefore, 
the external 
clock 
may continue 
to run between 
conversions 
without 


being disabled. 
The duty cycle ratio of the external clock 


REFOUT 
BUSY 


.MAX •••• 
MAX165 
CS 


MAX166 
REFIN 
RD 


CCLKI 
1OOPF 


'2% 


\~ONTROL 
INPUTS 


D7-DO 
DATA OUT 


AIN = ANALOG INPUT REFERREO TO AGNO (MAX165) 
AIN = AIN+ REFERENCEO TO AIN- (MAX166) 
"MAX166 
ONLY 


Figure 
16a. 
MAX165/MAX166 
Unipolar 
Configuration 


(Internal 
Reference) 


+ 
4.7~F 
ITANTALUM 


20 


voo 
18 
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CCLK 
I1OOPF,2% 


17 
AIN- 


AtAXI.NI 
_ 
1 
MAX166 
CS 


REFOUT 


19 
REFIN 
+ 
4 


4.7~F 
MODE 
TANTALUM 
16 
AGND 
07-00 
DATA OUT 


DGND 


10 


may vary from 70/30 to 30/70. 
As discussed 
previously, 


in order 
to maintain 
accuracy, 
clock 
rates significantly 
lower than the data sheet 
limits (4MHz) 
should 
not be 


used. 
____ 
Applications Information 


Unipolar Operation 


Figures 16a and 16b show the analog circuit connections 
and 
nominal 
transfer 
characteristics 
(Figure 
16c) 
for 


unipolar 
operation. 
Since the offset and full-scale 
errors 


of the MAX165/MAX166 
are very small, it is not necessary 


to null these 
errors 
in most 
cases. 
If calibration 
is re- 


quired, 
make adjustments 
as follows: 


11111111 


11111110 


11111101 


FULL -SCALE 
(FS - 3f2LS8) 


TRANSITIONI 


00000011 


סס oo0010 


סס oo0001 
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E 
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I 


rO. 


1Jl 
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)c 
111...110 


RCLK 
••• 


1Ook.l% 
en 
VOO 
!e 


REFOUT 
ClK 
100...01 


REFIN 
100...001 
E 


CCLK 
-fS 
11OOPF.2% 
100...000 
lAIN 
.NlAXlNl 
+fS-llSB 


MAX165 
011...111 
)c 
MAX166 
fS=2VREf 
••• 
011...110 
1lSB= 
2fS 
en 
AIN 
256 


R4 
R5 
R2 
D7-Do 
en 
R7 
8.2k 
5k 
8200 
DATAOUT 


lo~ 
AGND 
DGND 


INPUT 


VOLTAGE 
-2.46V 
TO +2.46V 


- 
- 
AIN = ANALOG INPUT REfERREDTO 
AGNO(MAXl65) 
AIN = AIN+ REfERENCEDTOAIN- (MAX166) 


Offset Adjustment 


The offset error can be easily adjusted 
using an op amp, 


as shown 
in Figure 
18a. 
The op amp 
should 
have 
a 


common-mode 
input 
range 
that includes 
OV. 
The op- 


amp input is initially 
set to +4.8mV 
(+ 1/2LSB), while 
its 


offset is varied until the ADC output code flickers between 
00000000 
and 00000001. 


Full-Scale Adjustment 


The full-scale 
adjustment 
is made by forcing 
the analog 


input, AIN, to +2.445V (FS - 3/2LSB). 
The reference 
input 


voltage 
is then varied 
until the ADC output 
code flickers 


between 
1111 1110 and 1111 1111. 


Bipolar Operation 


Figure 
18a shows an example 
of the circuit 
connections 


for bipolar 
operation 
and 
its nominal 
transfer 
charac- 


teristics 
(Figure 
18B). 
The output 
code provided 
by the 


MAX165/MAX166 
is offset binary. The analog input range 


for this circuit 
is ±2.46V 
(1LSB =19.22mV), 
even though 


the voltage appearing 
at the AIN pin is in the OVto +2.46V 


range. 
In most cases, the MAX165/MAX166's 
accuracy 


is high enough 
that calibration 
will not be neccesary. 
If 


calibration 
is not needed, 
resistors R1 through 
R7 should 
have a 0.1 % tolerance, 
with R4 and R5 replaced 
by one 
10kQ resistor, 
and R2 and R3 with one 1kQ resistor. 
If 


calibration 
is required, 
make adjustments 
as follows: 


CMOS JlP.Compatible, 
5JlS, 


B·Sit ADCs 


Offset Adjustment 
Adjust the offset error by applying 
an analog input voltage 
of +2.43V 
(+FS - 3/2LSB). 
Resistor 
R5 is then adjusted 


until the output 
code 
flickers 
between 
1111 
1110 and 
11111111. 


Full-Scale Adjustment 


The full-scale 
errors 
are nulled 
by applying 
an analog 


input voltage 
of -2.45V 
(-FS + 1/2LSB). 
Resistor 
R3 is 


then 
adjusted 
until 
the 
output 
code 
flickers 
between 


00000000 
and 00000001. 
- 
Noise 


To minimize 
noise coupling, 
keep both the input signal 


lead to AIN and the signal return lead from AGND as short 
as possible. 
If this is not possible, 
a shielded 
cable or a 


twisted pair transmission 
line is recommended. 
Addition- 


ally, potential 
differences 
between 
the ADC ground 
and 
the 
signal 
source 
ground 
should 
be minimized 
since 


these 
voltage 
differences 
appear 
as errors 
super-im- 
posed 
on the input signal. 
In order to minimize 
system 
noise pickup, 
the driving 
source 
resistance 
should 
be 


kept below 2kQ. 


B-Sit A'Des 


Proper Layout 


For PC board 
layouts, take care to keep digital 
lines well 
separated 
from any analog 
lines. 
A single-point, 
analog 


ground, which is separate 
from the digital system ground, 


should 
be established 
near the MAX165/MAX166. 
Con- 


nect 
this 
analog 
ground 
point 
to the 
digital 
system 


ground 
through 
a single-track 
connection 
only. 
Any 


supply or reference 
bypass capacitors, 
analog input filter 


capacitors, 
or input signal shielding 
should 
be returned 


to the analog 
ground 
point. 


AIN+ 
18 
AIN- 
17 
AGND 
16 


cs 


RD 


MODE 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 
ERROR 
(LSB) 


MAX166ACPP 
O'C to +70"C 
20 Plastic 
DIP 
±1/2 


MAX 166BCPP 
O'C to +70"C 
20 Plastic 
DIP 
±1 


MAX 166CCPP 
O'C to +70'C 
20 Plastic 
DIP 
±1/2 


MAX166DCPP 
O"C to +70"C 
20 Plastic 
DIP 
±1 


MAX166ACWP 
O"C to +70"C 
20 Wide SO 
±1/2 


MAX166BCWP 
O'C to +70'C 
20 Wide SO 
±1 


MAX166CCWP 
O"C to +70"C 
20Wide 
SO 
±1/2 


MAX166DCWP 
O'C to +70'C 
20Wide 
SO 
±1 


MAX166BC/D 
O'C to +70"C 
Dice' 
±1 


MAX166DC/D 
O"C to +70"C 
Dice' 
±1 


MAX166AEPP 
-40"C to +85"C 
20 Plastic 
DIP 
±1/2 


MAX166BEPP 
-40"C to +85"C 
20 Plastic DIP 
±1 


MAX166CEPP 
-40"C to +85"C 
20 Plastic DIP 
±1/2 


MAX166DEPP 
-40"C to +85"C 
20 Plastic DIP 
±1 


MAX 166AEWP 
-40"C to +85"C 
20 Wide SO 
±1/2 


MAX166BEWP 
-40"C to +85"C 
20 Wide SO 
±1 


MAX166CEWP 
-40"C to +85"C 
20 Wide SO 
±1/2 


MAX166DEWP 
-40"C to +85"C 
20 Wide SO 
±1 


MAX166AMJP 
-55"C to + 125"C 
20CERDIP" 
±1/2 


MAX166BMJP 
-55'C 
to + 125"C 
20CERDIP" 
±1 


MAX166CMJP 
-55"C to + 125"C 
20CERDIP" 
±1/2 


MAX166DMJP 
-55"C to + 125"C 
20CERDIP" 
±1 


, Contact 
factory 
for dice specifications. 
"Contact 
factory 
for availability 
processing 
to MIL-STO-883. 
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with T/H and Voltage Reference 


All information 
in this data sheet is preliminary 
and subject 
to change. 
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_______ 
General Description 


The MAX168 
is a high-speed, 
14-bit monolithic 
analog- 
to-digital 
converter 
(ADC) that includes 
track/hold 
(T/H), 


20ppm(C 
voltage 
reference, 
an internal clock oscillator, 
and an 8-bit microprocessor 
interface. 


The MAX168 
performs 
conversions 
in 3.511S(max), and 


can be driven from its internal oscillator or from an external 
clock 
source. 
The T/H acquisition 
time is 500ns 
(max), 


providing 
a 250k samples 
per second 
(ksps) throughput 


rate. The device 
is fully tested and specified 
for dynamic 


parameters 
such 
as SNR, THO, 
and 
IMD, 
which 
are 
important 
in signal-processing 
applications. 
In addition, 
the part is monotonic 
over temperature 
to 14 bits, and has 


a maximum 
1/2 LSB integral 
nonlinearity 
(INL). 


The MAX168 
operates 
from ±5V supplies 
and accepts 
bipolar analog inputs in the -3V to +3V range. The internal 
+3V reference 
can be overridden 
by an external 
refer- 


ence voltage 
in the +2.5V to +3.1V range. 
Power con- 


sumption 
is 120mW 
(typ). 
The 
MAX168 
is offered 
in 


24-pin 
narrow 
DIP and 
wide 
SO packages. 
Contact 


factory 
for price and availability. 


Digital-Signal 
Processing 


Spectrum 
Analysis 


High-Speed 
Data Acquisition 


Audio and Telecommunications 


Industrial 
Process Control 


• 
14-Bit Resolution 


• 
250ksps 
Throughput 
Rate 


• 
3.511SMax Conversion 
Time 


• 
Internal Track/Hold 


• 
20ppmrC 
Voltage 
Reference 


• 
1/2LSB INL Max 


• 
Low Noise and Distortion: 
-92dB THD 
81 dB S/(N+D) 


• 
Operates 
from ±5V Supplies 


• 
Low Power: 120mW 


• 
24-Pin Narrow 
DIPlWide 50 Packages 


REF 


REFOUTt 


REFOUT- 
7 


Vss 8 


CONTClK/DOIOB 


- 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 
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Serial-Output, 
250ksps 
12-8it ADC 


with Reference 


_______ 
General Description 


The MAX176 
is a complete 
analog-to-digital 
converter 
(ADC) that achieves 
a 250k samples 
per second 
(ksps) 
sampling 
rate by combining 
a fast track/hold 
(O.4~s max 
acquisition 
time), 
a 3.5~s 
ADC, 
and 
a 
buried-zener 
reference. 
The device 
also saves space with serial inter- 
face 
and 8-pin 
DIP or 16-pin 
surface-mount 
SO pack- 


ages. 


Supply and reference 
decoupling 
capacitors 
are the only 
external components 
needed. 
The CLOCK input can be 
driven 
from 
an external 
divided-down 
microprocessor 


clock or from the serial-clock 
output of a microcontroller. 
The MAX176 
works 
with +5V and -12V to -15V supply 
voltages 
(148mW typ power dissipation). 


The MAX176's 
3-wire serial interface 
works with general- 
purpose 
serial-to-parallel 
converters, 
such 
as 
the 
74HC595, 
as well as with digital-signal 
processors 
and 
microcontrollers. 
Its serial 3-wire 
interface 
is fully com- 


patible 
with 
SPI, aSPI 
and 
Microwire 
serial-interface 


standards. 


Digital-Signal 
Processing 
(DSP) 


Sonar/Radar 
Signal Processing 


Industrial 
Data Acquisition 


8 
Vss 


4GND 


• 
12-Bit Resolution 
and Linearity 


• 
O.4~s Track/Hold 
Acquisition 
Time 
• 3.5~ Conversion 
Time 


• 
250ksps 
Sampling 
Rate 


• 
SPI·, aSPI- 
and Microwire-Compatible 


Serial Output 


• 
±5V Input Voltage 
Range 


• 
Complete 
with On-Chip 
Reference 


• 
Low Power (148mW) 


• 
Easy to Opto- or Transformer-Isolate 


• 
Small-Footprint 
8-Pin DIP, 16-Pin SO 


Vss 


N.C. 


N.C. 


CONVST 


CLOCK 


N.C. 


N.C. 


- 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 
and subject 
to change. 
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a-Channel, 
1331csps, 12-8it DAS 


with Serial Output and Reference 


______ 
General Description 


The 
MAX186/MAX188 
are 
133k 
samples 
per 
second 
(ksps) 
data-acquisition 
systems 
(DAS) that combine 
a 
12-bit analog-to-digital 
converter 
(ADC) with 6!!s conver- 


sion time, a programmable 
multi-channel 
single-ended 
and 
differential 
multiplexer, 
a 1.5!!s 
acquisition 
time 
track/hold, 
and 
serial 
interface. 
The MAX186 
has the 
additional 
benefit 
of 
an 
internal 
4.096V 
reference. 


MAX186/MAX188 
inputs 
are 
configurable 
for 
both 


. 
. 
VREF 
VREF 
unipolar 
(OV to VREF) and 
bipolar 
(- -2- 
to + -2-) 


signals. 


The 
MAX186/MAX188 
dissipate 
only 
12.5mW 
when 
powered 
from either 
a single 
+5V supply 
or dual ±5V 
supplies. 
To further 
reduce 
power 
dissipation, 
the 
devices 
can be instructed 
to fully or partially 
power down 
between 
conversions. 


The 
DAS 
can 
be 
clocked 
by the 
serial 
interface 
for 
maximum 
throughput, 
or driven by the internal clock. 


DDUT 


16 SSTRB/ 


NBUSY 


REFADP 


VREF'1 


• 
8-Channel 
Single-Ended 
or 4-Channel 


Differential 
Inputs 


• 
Single +5V Operation, 
2.5mA Max Current 


• 
133kHz Sampling 
Rate 


• 
Built-In Track/Hold 


• 
Reduced 
Power at Lower Sampling 
Rates 


• 
Internal 4.096V 
Reference 
(MAX186 
only) 


• 
Serial 
Interface 


• 
20-Pin Narrow 
DIP and Wide SO Packages 


_________ 
Applications 


Battery-Powered 
Data Logging 


Data-Acquisition 
Boards for PCs 


High-Accuracy 
Process Control 


Automatic 
Testing 
Systems 


Robotics 


Voo 


elK 
cs 


DIN 


SSTRB/NBUSY 


DOUT 


DGND 


AGND 


REF ADJ 


REF BYPASS 


Low-Power Single-Supply 12-8it Sampling AUI; 


The 
MAX190 
is a complete 
monolithic 
CMOS 
12-bit 
analog-to-digital 
converter 
(ADC) that features 
a differen- 
tial input, 
track-and-hold 
(T/H). adjustable 
voltage 
refer- 


ence, internal or external clock, and both parallel and serial 
l!P interfaces. 
It has a conversion 
time of 7.5l!s and tested 


sampling 
rate of 76kHz while 
requiring 
only 5mA from a 


single 5V supply. A 50llA power-down 
mode saves power 
in slow sampling 
rate applications. 


No external components 
are needed other than decoupling 


capacitors 
for the power supply and reference. 
This ADC 


operates 
with an internal or external reference. 
The inter- 


nal reference 
features 
an adjustment 
input for trimming 


system 
gain errors. 


The MAX190 
provides 
three interface 
modes. 
Two 8-bit 
parallel modes, and a serial interface mode that is compat- 
ible with common 
serial interface 
standards. 


Battery-Powered 
Data Logging 


High-Accuracy 
Process Control 


Electro-Mechanical 
Systems 


Data-Acquisition 
Boards for PCs 


Automatic 
Testing 
Systems 


Telecommunications 


Digital-Signal 
Processing 
(DSP) 


5 
VREF 
6 


REFAOJ 
07/S0ATA 
06/SClK 
05/SSTB 
04 
03/011 
02/010 
01/09 
OO/OB 


• 
12-Bit Resolution, 
1/2LSB 
Linearity 


• 
Single +5V Operation 
5mA Max Current 


• 
Power-Down 
Mode-50l!A 
Max 


• 
Built-In Track-and-Hold 


• 
7.5l!s Conversion 
Time 
112.5l!s including 
T/H Acquisition) 


• 
Internal 
Reference 
with 
Adjustment 
Capability 


• 
Serial and 8-Bit Parallel l!P Interface 


• 
24-Pin Narrow 
DIP and Wide SO Packages 


PART 
TEMP. RANGE 
PIN-PACKAGE 
ERROR 
(LSBs) 


MAX190ACNG 
O°C to 
+70°C 
24 Narrow 
Plastic DIP 
±1/2 


MAX190BCNG 
O°C to +70°C 
24 Narrow 
Plastic DIP 
±1 


MAX190ACWG 
O°C to +70°C 
24 Wide SO 
±1/2 


MAX190BCWG 
O°C to +70°C 
24 Wide SO 
±1 


MAX190BC/D 
O°C to +70°C 
Dice" 
±1 


MAX190AENG 
-40°C to +85°C 
24 Narrow 
Plastic DIP 
+1/2 


MAX190BENG 
-40°C to +85°C 
24 Narrow 
Plastic DIP 
±1 


MAX190AEWG 
-40°C to +85°C 
24 Wide SO 
±1/2 


MAX190BEWG 
-40°C to +85°C 
24 Wide SO 
±1 


MAX190AMRG 
-55°C to + 125°C 
24 Narrow 
CERDIP 
±1/2 


MAX190BMRG 
-55°C to +125°C 
24 Narrow 
CERDIP 
±1 


/vl/J X I/Vl 
Maxim 
Integrated 
Products 
7-71 
Call toll tree 1·800-998·8800 tor tree samples or literature. 


Low-Power Single-Supply 12-8it Sampling ADC 


Continuous 
Power 
Dissipation 
(any package) 
to + 75°C. 
. 
941 mW 
derate above +75°C 
. 
12mWjOC 


Operating 
Temperature 
Ranges: 


MAX190_C_ 
. 


MAX190_E_ 
. 


MAX190_M_ 


Storage 
Temperature 
Range. 
Lead Temperature 
(soldering, 
10 see) 


AGND, 
VREF, REFADJ to DGND 
.. 
.. - 0.3V, VDD + 0.3V 


AIN+, 
AIN-, PD to Vss 
- 0.3V, VDD + 0.3V 


CS, RD, CLK, BIP, HBEN, 
PAR to DGND 
BUSY, DO-D7 to DGND 


. 
O°C to +70°C 


....... -40°C to +85°C 


-55°C to + 125°C 
.... -65°C to +160°C 


..................... 
+300°C 


... - 0.3V, VDD + 0.3V 


...............•...... 
- 0.3V, VDD + 0.3V 


Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings· 
may 
cause 
permanent 
damage 
to the device. 
These 
are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 


maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(VDD; 
+5V ±5%. 
fCLK ; 
1.6MHz, 
50% duty cycle, AIN- 
; AGND, 
BIP ; 
GND, Slow-Memory 
Mode, 
Internal 
Reference 
Mode, 
External 
Compensation 
Mode, 
Synchronous 
Operation, 
Figure 6, TA ; TMIN to TMAX, unless otherwise 
noted). 
(Note 
1) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC ACCURACY 
(Note 2) 


Resolution 
12 
Bits 


Integral 
Nonlinearity 
INL 
IMAX190A 
±1/2 
LSB 
IMAX190B 
±1 


Differential 
Nonlinearity 
DNL 
Monotonic 
over temperature 
±1 
LSB 


Offset 
Error 
MAX190A 
±1 
LSB 
MAX190B 
±2 


Full-Scale 
Error (Note 3) 
TA ; 
+25°C, 
includes 
MAX190A 
±2 
LSB 
reference 
error 
MAX190B 
±3 


Full-Scale Tempco 
(Note 4) 
Excludes 
internal 
reference 
drift 
±0.2 
ppmrC 


Synchronous 
CLK 
7.50 
7.81 
(12 to 12.5 
CLKs) 
Conversion 
Time (Note 5) 
tCONV 
lis 


Internal 
CLK, CL ; 
120pf 
6 
12 
18 


DYNAMIC ACCURACY 
(sample 
rate; 
76kHz) 


Signal-to-Noise 
plus 
SINAD 
1kHz input signal, TA ; 
+25°C 
70 
dB 
Distortion 
Ratio 


Total Harmonic 
Distortion 
THD 
1kHz input signal, TA ; 
+25°C 
-80 
(up to the 5th harmonic) 
dB 


Spurious-Free 
SFDR 
1kHz input signal, TA; 
+25°C 
80 
dB 
Dynamic 
Range 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(Voo = +5V ± 5%, fCLK = 1.6MHz, 
50% duty cycle, AIN- = AGND, 
BIP = GND, Slow-Memory 
Mode, 
Internal 
Reference 
Mode, 


External 
Compensation 
Mode, 
Synchronous 
Operation, 
Figure 6, TA = TMIN to TMAX, unless otherwise 
noted). 
(Note 1) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


ANALOG 
INPUT 


Input Voltage 
Range (Note 6) 
0 
5 
V 


Input Leakage 
Current 
AIN+, 
AIN- = OV to 5V 
±10 
IlA 


Input Capacitance 
(Note 7) 
45 
80 
pF 


Track/Hold 
Acquisition 
Time 
5 
Ils 


Small-Signal 
Bandwidth 
2 
MHz 


REFERENCE 
INPUT 


Input Voltage 
Range 
2.5 
5 
V 


Input Current 
External 
reference 
= 5V 
1 
mA 


Input Resistance 
5 
10 
kQ 


INTERNAL 
REFERENCE 


VREF Output 
Voltage 
TA = +25°C 
4.076 
4.096 
4.116 
V 


IMAX190 
C 
50 


VREF Output 
TC (Note 8) 
IMAX190 
E 
60 
ppm/"C 


IMAX190 
M 
80 


Output-Current 
Source 


TA = +25°C 
2 
Capability 
(Note 9) 
mA 


Load Regulation 
TA = +25°C, 
'OUT = OmA to 2mA 
4 
mV 


Output 
Short-Circuit 
Current 
18 
mA 


Capacitive 
Load Required 
4.7 
IlF 


Power-Supply 
Rejection 
Voo = ±5% 
±300 
IlV 


REFADJ Input Adjustment 


-60 
30 
mV 
Range (Note 
10) 


REFADJ Disable Threshold 
4.5 
V 


REFADJ Output 
Voltage 
2.4 
V 


REFADJ Input Current 
REFADJ = 5V 
60 
J.1A 
- 


ELECTRICAL CHARACTERISTICS 
(continued) 


(VDD = +5V ±5%, 
fCLK = 1.6MHz, 
50% duty cycle, AIN- 
= AGND, 
BIP = GND, Slow-Memory 
Mode, 
Internal 
Reference 
Mode, 


External 
Compensation 
Mode, 
Synchronous 
Operation, 
Figure 6, TA = TMIN to TMAX, unless otherwise 
noted). 
(Note 
1) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC INPUTS 


Input low 
Voltage 
VIL 
CS, RD,ClK, 
HBEN, PAR, BIP 
0.8 
V 


Input High Voltage 
V1H 
CS, RD, ClK, 
HBEN, PAR, BIP 
2.4 
V 


Input Current 
IIN 
VIN = OV to VDD 
I 
±10 
JlA 


Input Capacitance 
(Note 7) 
CIN 
10 
pF 


PD Input low 
Voltage 
V1L 
0.5 
V 


PD Input High Voltage 
V1H 
4.5 
V 


PD Input Current 
IIN 
PD = OVto VDD 
±20 
JlA 


PD External 
leakage 
for 
Maximum 
current 
allowed 
for 
Float State (Note 11) 
floating 
state 
±100 
nA 


PD Floating 
State Voltage 
VFLT 
External 
Compensation 
Mode 
2.8 
V 


LOGIC OUTPUTS 


Output 
low 
Voltage 
VOL 


BUSY, DO/D8-D7/SDATA 
0.4 
V 
lOUT = 1.6mA 


Output 
High Voltage 
VOH 
BUSY, DO/D8-D7/SDATA 
4.0 
V 
lOUT = -2001JA 


Three-State 
leakage 
Current 
IL 
DO/D8-D7/SDATA 
±10 
JlA 


Three-State 
Output 
COUT 
15 
pF 
Capacitance 
(Note 7) 


POWER 
REOUIREMENTS 


Supply Voltage 
VDD 
±5% 
for specified 
performance 
5 
V 


Supply Current 
DO/D8-D7/SDAJA. = OV 
PD = high 
3.00 
5.00 
mA 
Internal 
Compensation 
Mode 
IDD 
or VDD, C'S = RD = 


Supply Current 
VDD, HBEN = PAR = 
PD = low 
0.02 
0.05 
mA 
Power-Down 
Mode 
BIP = OV or VDD 
ClK 
= low 


Supply 
Rejection 
(Note 12) 
FS change, 
VDD = 5.0 ±5% 
±1/2 
lSB 


Power 
Dissipation 
VDD = 5V 
15 
25 
mW 


Note 
1: 
Note 2: 
Note 3: 
Note 
4: 
Note 5: 
Note 6: 


Performance 
at power-supply 
tolerance 
limits 
guaranteed 
by power-supply 
rejection 
test. 


VDD = +5V, FS = VREF. 
FS = VREF, offset 
nulled, 
ideal last code transition 
= FS - 3/2lSB. 


Full-Scale Tempco 
= !1FS/!1T, where 
!1FS is full-scale 
change from 
TA = +25°C to TMIN or TMAX. 


Conversion 
time defined 
as the number 
of clocks times 
clock period, 
deck has 50% duty cycle. 
AIN+, 
AIN- must 
not exceed 
VREF for specified 
accuracy. 
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TIMING 
CHARACTERISTICS 
(see Figures 6-10) 


(VDD = +5V ± 5%, fCLK = 1.6MHz, 
50% duty cycle, 
AIN- 
= AGND, 
BIP = GND, Slow-Memory 
Mode, 
Internal 
Reference 
Mode, 


External 
Compensation 
Mode, 
Synchronous 
Operation, 
Figure 6, TA = TMIN to TMAX, unless otherwise 
noted). 
(Note 
13) 


TA = +25°C 
MAX190C/E 
MAX190M 


PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 


CS to RD Setup Time 
tl 
0 
0 
0 
ns 


RD to BUSY Delay 
t2 
CL = 50pF 
120 
140 
160 
ns 


Data-Access 
Time (Notes 
14) 
t3 
CL = 100pF 
120 
140 
160 
ns 


RD Pulse Width 
t4 
150 
150 
150 
ns 


CS to RD Hold Time 
t5 
0 
0 
0 
ns 


Data-Setup 
Time After 
BUSY (Note 14) 
t6 
80 
100 
120 
ns 


Bus-Relinquish 
Time (Note 15) 
t7 
100 
110 
120 
ns 


HBEN to RD Setup Time 
t8 
80 
100 
120 
ns 


HBEN to RD Hold Time 
t9 
0 
0 
0 
ns 


Delay Between 
READ Operations 
(Note 7) 
tlO 
200 
200 
200 
ns 


Delay Between 
Conversions 
t11 
5 
5 
5 
llS 


Aperture 
Delay 
t12 
Jitter 
< 50ps 
25 
ns 


ClK 
to BUSY Delay (Note 7) 
t13 
200 
230 
260 
ns 


SCLKto SSTB Rise Delay 
t14 
100 
130 
150 
ns 


SCLKto S5TB Fall Delay 
t15 
100 
130 
150 
ns 


CS or RD to ClK 
Hold Time 
t16 
5 
5 
5 
ns 


CS or RD to CLK Setup Time (Note 7) 
t17 
50 
50 
50 
ns 


CS to Data-Access 
Serial Mode 
t18 
180 
230 
250 
ns 


CS to SDATAThree-State 
t19 
100 
110 
120 
ns 


SCLKto ClK 
Delay 
t20 
160 
180 
200 
ns 


SCLKto SDATA Delay 
t21 
100 
130 
150 
ns 


SDATAto ClK 
Delay 
t22 
260 
310 
350 
ns 


S5T8 to ClK 
Delay 
t23 
260 
310 
350 
ns 


Note 
7: 


NoteS: 
Note 9: 
Note 
10: 


Guaranteed 
by design, 
not subject 
to test. 


VREF TC = t.VREF/t.T, 
where 
t.VREF is reference-voltage 
change 
from TA = +25°C to TMIN or TMAX, IREF = OmA. 


Output 
current 
should 
not change 
during conversion. 
This current 
is in addition 
to current 
required 
by internal 
DAC. 


REFADJ adjustment 
range is defined 
as the allowed 
voltage 
excursion 
on REFADJ relative to its unadjusted 
value. This will 
typically 
result in a 1.7 times 
larger change 
in the REF output. 
(Figure 12al. 


Floating 
the PD pin guarantees 
External 
Compensation 
Mode. 
VREF = 4.096V, 
External 
Reference. 


All input control 
signals are specified 
with tr = tf = 5ns (10% to 90% of +5V) and timed 
from 
a voltage 
level of + 1.6V. 
t3 and t6 are measured 
with 
the load circuits 
of Figure 
1 and defined 
as the time 
required 
for an output 
to cross +0.8V or +2.4V. 


t7 is defined 
as the time 
required 
for the data lines to change 
0.5V when 
loaded with 
the circuits 
of Figure 2. 


Note 
11: 
Note 
12: 


Note 
13: 


Note 
14: 
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PIN 
NAME 
FUNCTION 


1 
PO 
Power-Down 
Input: Low - power 
down, 
only the bandgap 
reference 
is active 


High - normal operation, 
internal 
reference 
compensation. 
Open - 


normal 
operation, 
external 
reference 
compensation 


2 
AGND 
Analog 
Ground 


3 
AIN+ 
Sampled 
Analog 
Input 


4 
AIN- 
Analog 
Input Return - pseudo- 


differential 
(see Gain and Offset 
Adjustment 
section) 


5 
VREF 
Reference 
Buffer 
Output 
for external 


reference 
input when 
REFADJ is 


connected 
to Voo 


6 
REFADJ 
Reference 
Adjust 


7 
AGND 
Analog 
Ground 


8 
BIP 
LOW - Unipolar 
Inputs 


HIGH - Bipolar Inputs 
(see Gain and 
Offset 
Adjustment 
section) 


9 
BUSY 
BUSY Output 
is low during a 


conversion. 


10 
00/08 
Three-State 
Data Outputs: 
LSB = DO 


11 
01/09 
Three-State 
Data Outputs 


12 
DGND 
Digital Ground 


13 
02/010 
Three-State 
Data Outputs 


14 
03/011 
Three-State 
Data Outputs: 
MSB = 011 


15 
04 
Three-State 
Data Output 


16 
D5/SSTB 
Three-State 
Data Output/Strobe 
Output 
in serial mode 


17 
D6/SCLK 
Three-State 
Data Output/Clock 
Output 


in serial mode 


+5V+ 


k 


ON 
ON 
TT 
0, 


-=- 
OGNO r 
r OGNO 


PIN 
NAME 
FUNCTION 


18 
D7/S0ATA 
Three-State 
Data Output!Data 
Output 


in serial mode 


19 
RD 
READ Input. 
In parallel mode, 
low 


signal starts a conversion 
when 
CS 


~d 
HBEN are low (memory 
mode)._ 
RD also enables 
the oU.!Quts when 
CS 


is low. In serial mode, 
RD = Low 


enables 
SCLKand SSTB, RD = High 


forces 
SCLKand SSTBinto a high- 


impedance 
state 


20 
CS 
CHIP SELECT Input. 
M~t 
be low for 


the ADC to recognize 
RD and HBEN 
inputs 
in.29rallel 
mode. 
The falling 


edge of CS starts a conversion 
in 


serial mode 


21 
HBEN 
High-Byte 
Enable Input. 
In parallel 
mode, 
HBEN = High multiplexes 
the 4 


MSBs of the conversion 
result into the 


lower 
bit outputs. 
HBEN = High also 


disables 
conversion 
starts. 
In serial 


mode, 
HBEN = Low enables 
SCLKto 


operate 
during the conversion 
only, 


HBEN = High enables 
SCLKto operate 


continuously. 


22 
PAR 
Sets the output 
mode. 
PAR = High 
selects 
parallel output 
mode. 
PAR = 


Low selects 
serial output 
mode. 


23 
CLK 
CLOCK Input. An external 
nUCMOS 


compatible 
clock may be applied 
to 


this pin, or a capacitor 
(120pF nominal) 


may be connected 
between 
CLK and 


DGND to operate 
the internal 
oscillator. 


24 
VOD 
Power 
Supply, 
+5V 


ONTr 
-=- 
OGNO 
-=- 


b. VOH to High-Z + 
I 


10PF 


-=- 
OGNO 


b. VOL to High-Z 
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______ 
Detailed Description 


ADCOperation 


The MAX190 
uses successive 
approximation 
and input 


track/hold 
(T/H) circuitry 
to convert 
an analog signal to a 


12-bit digital output. 
Flexible control 
logic provides 
easy 


interface 
to microprocessors 
(~PsL so most applications 


require only passive components 
to perform 
high-speed 


analog-to-digital 
(A/D) conversions. 
No external 
hold ca- 
pacitor 
is required. 
Figure 3 shows 
the MAX190 
in its 


simplest 
operational 
configuration. 


tSV 
1 
PO 
VOO 
24 


ANALOG 
2 
AGNO 
CLK 
23 ~ 
~ 
AI Nt 
PAR 
22 
INPUT 
3 
":" 
SERIAl/PARALLEL 


OVTO 
tSV 
4 
AIN- 
HBEN 
21 
INTERFACE MODE 


S 
VREF 
cs 
20 
} 
~PCONTROL 


t 
O_l~F 
6 
REFAOJ 
AD 
19 
INPUTS 


7 
AGNO 
07/S0ATA 
18 


47~F 
O.l~F 
8 
81P 
06/SCLK 
17 


OUTPUT 
9 
8USY 
0S/SSTB 
16 


STATUS 
10 
00/08 
04 
15 


11 
01/09 
03/011 
14 


12 
OGNO 
02/010 
13 


L~POATABUS~ 


NOTE: C1100pF 
GENERATES 
1MHz NOMINAL 
CLOCK FREQUENCY. 


Pseudo-Differentiallnput 


The sampling 
architecture 
of the ADC's analog compara- 


tor is illustrated 
in the Equivalent 
Input Circuit (Figure 4). 


An input 
signal 
looks 
at the 
ADC's 
analog 
input 
as a 


capacitor switching 
between 
AIN+ and AIN-. The capaci- 


tor connects 
to the input signal (AIN+) between 
conver- 


sions. 
When 
a conversion 
starts, 
the capacitor 
discon- 


nects 
from 
AIN+ 
(thus sampling 
the 
input) and is dis- 
charged to the input return (AIN-). The ADC measures 
the 


difference 
in potential 
from AIN+ and AIN-. At the end of 


the conversion, 
the capacitor 
reconnects 
to AIN+ 
and 


charges 
to the input signal. 
An external 
input buffer 
is 


usually 
NOT 
needed 
for 
low-bandwidth 
input 
signals 


«100Hz) 
because 
the ADC disconnects 
from 
the input 


during 
the 
conversion. 
In unbuffered 
applications, 
an 


input filter 
capacitor 
reduces 
conversion 
noise, but also 


may limit input bandwidth. 


When converting 
a single-ended 
input signal, AIN- should 


be connected 
to AGND. 
If a differential 
signal 
is con- 


nected, 
consider 
that the configuration 
is pseudo-differ- 


ential- 
only the signal side of the input channel is held by 


the T/H. The return side (AIN-) must remain stable within 
±O.5LSB (±O.l LSB for best results) during a conversion. 


Analog Input- 
Track/Hold 


The 
T/H 
enters 
its tracking 
mode 
when 
the 
ADC 
is 


deselected 
(CHIP SELECT (CS) is high and BUSY is high). 


Hold mode starts approximately 
25ns after a conversion 


is initiated. 
The variation in this delay from one conversion 


to the next (aperture 
jitter) is about 50ps. 
Figures 6-10 


detail the T/H and interface timing forthe 
various interface 


modes. 


The time required for the T/H to acquire an input signal is 
a function 
of how quickly its input capacitance 
is charged. 


If the input signal's 
source impedance 
is high, the acqui- 


sition 
time 
lengthens 
and more 
time 
must 
be allowed 


between 
conversions. 
Acquisition 
time is calculated 
by: 


tACO = 1O(Rs + RIN)32pF (but never less than 5~s) 


where 
RIN = 10kQ, and Rs = source impedance 
of 


the input signal. 


The ADC's 
input 
tracking 
circuitry 
has excellent 
large- 


signal 
and wide-bandwidth 
characteristics, 
and 
is not 


slew 
limited 
like previous 
ADC 
T/Hs. 
It is possible 
to 


digitize high-speed transient events and measure periodic 
signals 
with 
bandwidths 
exceeding 
the ADC's 
sample 


rate (76kHz) by using undersampling 
techniques. 
Note 


that if undersampling 
is used to measure 
high-frequency 
~ 
signals, special care must be taken to avoid aliasing errors. 
__ 
Without 
adequate 
input 
filtering, 
high-frequency 
noise 


may be aliased into the measurement 
band. 


AINt 
TRACK 
C HOLD 
c~:PPF 


SpF 
C SWITCH 
lOpF 


TRACK 
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Input Protection 


Internal protection 
diodes, which 
clamp the analog input 
to Voo and GNO, allow 
AIN+ 
to swing 
from 
-0.3V to 
Voo+0.3V 
with no risk of damage to the ADC. 
However, 
for accurate conversions 
near full scale, AIN+ should not 
exceed Voo or AGNO by more than 50mV because 
NO 
accuracy is affected 
when the protection 
diodes are even 
slightly 
forward 
biased. 


Starting 
a Conversion 


The AOC is controlled 
by the CS, READ (ROl, and High- 
Byte Enable (HBEN) inputs 
as shown 
in Figure 6. 
The 
T/H enters hold mode and a conversion 
starts at the falling 
edge of CS and RO while 
HBEN is low. 
BUSY goes low 
as soon as the conversion 
starts. 
On the falling edge of 
the 
13th input 
clock 
pulse after 
the conversion 
starts, 
BUSY goes high and the conversion 
result is latched into 
three-state 
output 
buffers. 


Figure 5 shows 
the MAX190 
clock circuitry. 
The AOC 
includes 
internal 
circuitry 
to generate 
a clock 
with 
an 
external 
capacitor. 
120pF connected 
between 
ClK 
and 
OGNO generates 
a 1MHz nominal clock frequency. 
Alter- 
natively, an external clock (up to 1.6MHz) can be applied 
to ClK. When using an external clock source, acceptable 
clock duty cycles are between 
45% and 55%. 


________ 
Digitallnterface 


Clock and Control Synchronization 


For best analog performance, 
the MAX190 
clock should 
be synchronized 
to the conversion 
start signals (CS and 
RO) as shown 
in Figure 6. At least lOOns should separate 
the start of a conversion 
from the nearest clock edge. This 


ensures that ClK transitions 
are not coupled to the analog 
input and sampled 
by the T/H 
The magnitude 
of this 
feedthrough 
is only a few millivolts. 
When the clock and 
conversion 
start signals are synchronized, 
small end-point 
errors 
(offset 
and full-scale) 
are the 
most 
that 
can be 
generated 
by clock feedthrough. 
Even these errors (which 
can be trimmed 
out) can be avoided by ensuring 
that the 
start of a conversion 
(RO or CS falling edge) does not occur 
within 
lOOns of a clock transition 
(Figure 6). 


In asynchronous 
mode, where 
ClK and conversion 
start 
signals 
(CS and RD) are not synchronous, 
full-accuracy 
specification 
perfomances 
are realized with 0.8MHz clock; 
this insures a full 625ns for the MSB decision. 
In asyn- 
chronous 
mode, 
with 
clock 
frequencies 
greater 
than 
0.8MHz, 
less than 625ns MSB decision 
times can occur. 


This shortened 
decision time can result in linearity errors 
at mid-scale. This linearity error can appear in the synchro- 
nous mode when 
the 
CS and RD to ClK 
hold (t16) and 
setup (t17) times are violated 
(Figure 6). Frequency 
com- 
ponents 
caused 
by clock 
and conversion 
start 
signals' 
overlap can increase the apparent 
input noise. 


The data output 
from 
the MAX190 
is straight 
binary 
in 
unipolar mode. 
The 12 data bits can be output 
either in 
two 8-bit bytes or as a serial output. 
The data-bus output 
format 
is shown 
in Table 1. 


A 2-byte 
read uses 
outputs 
07-00. 
Byte 
selection 
is 
controlled 
by HBEN. When HBEN is low, the lower 8 bits 
appear at the data outputs. 
When HBEN is high, the upper 


4 bits appear at 00-03 
with 
the 
leading 
4 bits low 
in 
locations 
D4-07. 


Conversion 
start and data read operations 
are controlled 
by the HBEN, CS, and RD digital inputs. 
A logic low is 
required on all three inputs to start a conversion, 
and once 
the conversion 
is in progress it cannot be restarted. 
BUSY 


remains 
low during the entire conversion 
cycle. 


Two 
parallel interface 
modes 
and one serial mode 
are 
outlined 
in the timing 
diagrams 
of Figures 7-10. 


In slow-memory 
mode, the device appears to the IlP as a 
slow peripheral 
or memory. 
Conversion 
is initiated 
with 
a read instruction 
(see Figure 7 and Table 2). PAR is set 
high. 
Taking CS and RO low starts the conversion. 
The 
input is sampled on the falling edge of RD. BUSY remains 
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low while 
the conversion 
is in progress. 
The previous 
conversion 
result appears at the digital outputs 
until the- 


end of conversion 
when 
BUSY returns 
high. 
The output 


latches are then updated with the newest 
results of the 8 


LSBs on 07-00. A second read operation with HBEN high 
places the 4 MSBs, with 41eading Os, on data outputs 07- 
DO. 
The second 
read operation 
does 
not start a new 
conversion 
because 
HBEN is high. 


As in slow-memory 
mode, 07-00 are used for 2-byte 


reads. 
A conversion 
starts with 
a read instruction 
with 
HBEN and CS low. 
The T/H samples 
the input on the 


falling edge of RO (see Figure 8 and Table 3). PAR is set 
high. At this point the data outputs 
contain 
the 8 LSBs 


from the previous conversion. 
Two more read operations 


DO ILSBI 


tl~3; 
lCONV 
------------"~ 
J_-----------...J 


PIN NAME 
07/ 
06/ 
05/ 
04 
03/ 
02/ 
01/ 
DO/ 


SOATA 
SCLK 
SSTB 
011 
010 
09 
08 


HBEN = 0, PAR = 1, 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
PARALLEL 
MODE 


HBEN = 1, PAR = 1, 
Low 
Low 
Low 
Low 
D11 
D10 
D9 
D8 
PARALLEL 
MODE 


HBEN = X, PAR = 0, 
SOATA 
SCLK 
SSTS 
Low 
Low 
Low 
Low 
Low 
SERIAL MODE, 
RD = a 


HBEN = X, PAR = 0, 


SOATA 
Three- 
Three- 
Low 
Low 
Low 
Low 
Low 
SERIAL MODE, 
RD = 1 
Stated 
Stated 


Note: 
D7/S0ATA - Do/D8 are the ADC data output 
pins. 


D11 - DO are the 12-bit conversion 
results, 
D11 is the MSB. 


SOATA= Three-state 
data output. 
Data output 
in serial mode. 


SCLK= Three-state 
data output. 
Clock output 
in serial mode. 


SSTB = Three-state 
data output. 
Strobe 
output 
in serial mode. 


07/ 
06/ 
05/ 
03/ 
02/ 
01/ 
DO/ 
PIN NAME 
SOATA 
SCLK 
SSTB 
04 
011 
010 
09 
08 


FIRST READ (New Data) 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


SECOND 
READ (New Data) 
Low 
Low 
Low 
Low 
D11 
D10 
D9 
D8 
- 
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2 


HBEN 


•••i 


cs 


RD 


110 


BUSY 


__ 
13__ 
-- 


DATA 
OLD DATA 


07-00 


-- 
112-- 
-- 
1121-- 


HOLD" 
1 
r 
TRACK 


are needed 
to access 
the conversion 
result. 
The first 
occurs with HBEN high, where the 4 MSBs with 41eading 
Os are accessed. 
The second 
read, with 
HBEN 
low, 
outputs 
the 8 LSBs and also starts a new conversion. 


Figure 9 and Table 4 show how to read output data within 
one conversion 
cycle 
without 
starting 
another 
conver- 
sion. Trigger the falling edge of read on the rising edge of 
the first 
clock cycle after 
conversion 
end (when 
BUSY 
goes 
high). 
As mentioned 
previously, 
two 
more 
read 
operations 
(after BUSY goes high) are needed to access 
the conversion 
results. The only difference 
is that now the 


low byte can be read first. 
This happens by allowing 
the 
first read operation 
to occur with HBEN low, where the 8 
LSBs are accessed. 
The second 
read, with 
HBEN high, 
accesses 
the 4 MSBs with 4 leading zeros. 


The serial mode 
is compatible 
with 
MicroWire 
and SPI 
serial interfaces. 
In addition, 
a framing 
signal (SSTB) is 
provided 
that 
allows 
the 
device 
to 
interface 
with 
the 


TMS320 family of J..lPs.Conversion 
begins when CS goes 


low, causing the T/H to sample the input (Figure 10). PAR 
is set low. The CS signal is internally 
latched on the first 
falling edge of CLK, and the conversion 
begins. The SDATA 
line remains 
in a high-impedance 
state until conversion 
begins. 
During the MSB decision, 
SDATA remains 
low, 


while 
SSTB goes 
high to indicate 
that 
a data frame 
is 


beginning. 
The data is then shifted 
out serially until the 
end of conversion. 
Trailing Os are inserted 
indefinitely 
in 
the data stream until CS returns high. The SCLKoutput 
is 


synchronous 
with the internal or external 
clock. 


For interface flexibility, 
SDATA.SCLKand SSTBsignals enter 


a high-impedance 
state 
when 
RD is set high, and are 


enabled 
when 
RD is set low. 
Also, when 
HBEN is set 
high, SCLKdrives continuously 
regardless 
of conversion 
status. 
This is useful with J..lPSthat require a continuous 


serial clock. 
On the other hand, HBEN may be set low so 
that SCLKis output only during the conversion 
cycle, while 
the converter 
internal clock runs continuously. 


_____ 
Application Information 


Power-Down 
Model 


Initialization 
Aher Power-Up 


In some battery-powered 
systems, 
it is desirable to power 
down or to remove 
power 
from the ADC during inactive 
periods. To power down the MAX190, 
Power Down (PD) 


should be set to low. In this mode, all internal ADC circuitry 
is off except the reference 
circuit, which 
consumes 
less 
than 50J,.lA(assuming 
all signals CS, RD, CLK, and HBEN 
are static and within 
200mV of the supplies. 
To initialize 
the 
MAX190 
at power 
up, perform 
one read 
opera- 
tion 
with 
HBEN 
low 
and 
disregard 
the 
data outputs. 


Figure 11 shows 
a practical way to drive the PD pin. 
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071 
061 
051 
031 
021 
01/ 
001 
PIN NAME 
SOATA 
SCLK 
SSTB 
04 
011 
010 
09 
08 


FIRST READ (Old Data) 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


SECOND 
READ (New Da1a) 
Low 
Low 
Low 
Low 
D11 
D10 
D9 
D8 


THIRD 
READ (New Da1a) 
D7 
D6 
D5 
D4 
D3 
D2 
01 
DO 


071 
061 
051 
031 
021 
011 
001 
PIN NAME 
SOATA 
SCLK 
SSTB 
04 
011 
010 
09 
08 


FIRST READ (Old Data) 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


SECOND 
READ (New Data) 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


THIRD 
READ (New 
Data) 
Low 
Low 
Low 
Low 
D11 
D10 
D9 
D8 


In the MAX190, 
power-down 
performance 
can be opti- 
mized 
for 
a given 
conversion 
rate by selecting 
either 
internal or external 
reference 
compensation: 


The connection 
for internal compensation 
with reference 
adjustment 
is shown 
in Figure 
12a. 
In this mode, 
the 
reference 
stabilizes 
quickly enough 
so that a conversion 
typically 
starts within 
35~ 
after the ADC is reactivated 
(PD pulled high). 
In this compensation 
mode, the refer- 
ence 
buffer 
requires 
longer 
recovery 
time 
from 
SAR 


transients, 
therefore 
requiring 
a slower 
clock 
rate (and 
conversion 
time). With internal reference 
compensation, 
the typical conversion 
time rises to 24l!s (Figure 12b). 


Figure 13a shows the connection 
for external compensa- 


tion. 
In this mode, an externaI4.7l!F 
capacitor 
compen- 


sates the reference 
output 
amplifier, 
allowing 
for maxi- 
mum 
conversion 
time 
and 
lowest 
conversion 
noise. 
However, 
when reactivating 
the ADC after power- down, 


the reference 
takes 
typically 
2ms to charge 
the 4.7l!F 
capacitor, 
so more time is required 
before a conversion 
can start 
(Figure 
13b). 
Thus, the average 
current 
con- 


sumed 
in power-up/power-down 
operations 
is higher in 
external compensation 
mode than in internal compensa- 


tion mode. 


Internal Reference 


The internal 
4.096V 
reference 
is available 
at VREF and 
must be bypassed 
to AGND with a 4.7l!F capacitor 
with 
low ESR (less than 1/2Q) in parallel with a O.ll!F capacitor. 
This 
minimizes 
noise 
and 
maintains 
a low 
reference 
impedance 
at high frequencies. 
The reference 
output can 
be disabled by connecting 
REFADJ to Voo when using an 
external 
reference. 


Gain and Offset Adjustment 


Figure 
14 plots the nominal, 
unipolar 
input/output 
(I/O) 


transfer 
function 
of the MAX190. 
Code transitions 
occur 
halfway between 
successive-integer 
LSB values. Output 
coding 
for 
unipolar 
operation 
is straight 
binary 
with 
1LSB = 1.00mV (4.096V/4096) 


Figures 15a and 12a show how to adjust the ADC gain in 
applications 
that require full-scale 
range adjustment. 
The 
connection 
shown 
in Figure 15a provides 
±O.5% or ±20 


LSBs of adjustment 
range and is recommended 
for appli- 
cations that use an external reference. 
On the other hand, 


Figure 12a is recommended 
for applications 
that use the 
internal reference 
because it uses fewer 
external compo- 
nents. 


If both offset and full scale need adjustment, 
the circuit in 
Figure 15b is recommended. 
For single-supply 
ADCs, it 
is virtually 
impossible 
to 
null 
system 
negative 
offset 
errors. 
However, 
the 
MAX190 
input 
configuration 
is 
pseudo-differential-only 
the 
difference 
in voltage 
be- 
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tween 
AIN+ 
and AIN- will 
be converted 
into its digital 


representation. 
By applying 
a small positive 
voltage 
to 


AIN-, the zero input voltage 
at AIN+ 
can be adjusted 
to 


above 
or below 
AIN- voltage, 
thus 
nulling 
positive 
or 
negative 
system 
offset 
errors. 
R9 and 
R10 can be 


removed for applications 
that require only positive system 


errors to be nulled. 
For the OV to +4.096V 
input range, 


apply 1/2 LSB (0.50mV) to the analog input and adjust R5 
so the digital output 
code changes 
between 
0000 0000 


0000 
and 0000 
0000 
0001. 
To adjust 
full 
scale, apply 


FS-1 1/2 LSB (4.09525V) 
and adjust 
R2 until the output 


code changes 
between 
1111 1111 1110 and 1111 1111 


1111. Because interaction 
occurs between 
adjustments, 


offset 
should be adjusted 
before gain. If an input gain of 


2 is acceptable, 
the 
connection 
in Figure 
15b can be 


simplified 
by removing 
R7 and R8. 


114 


- 
118---- 


THREE-STATE 


The MAX190 
input accepts 
input voltages 
between 
GND 


and Vcc; therefore, 
bipolar input signals around 
ground 


cannot be converted. 
The MAX190 can be configured 
for 


bipolar operation 
on its pseudo-differential 
input. 
Instead 


of using AIN- as an analog input return, AIN- can be set to 
a different 
positive 
potential 
voltage 
above ground 
(BIP 
pin is set high). 
The sampled 
analog 
input 
(AIN+) 
can 


swing to any positive 
voltage above and below AIN- and 


the ADC performs 
bipolar 
conversions 
with 
respect 
to 


AIN-. 
Figure 16 shows the bipolar input transfer 
function 


with 
AIN- connected 
up to mid-scale 
(VREF/2V). 


Digital Bus Noise 


If the data bus connected 
to the ADC is active during a 


conversion, 
crosstalk 
from 
the 
data 
pins 
to the 
ADC 


comparator 
may 
generate 
error. 
Slow-memory 
mode 


avoids this problem by placing the JlP in a wait state during 
the conversion. 
In ROM mode, 
if the data bus is active 


during the conversion, 
it should be isolated from the ADC 


using three-state 
drivers. 


The ADC generates 
considerable 
digital 
noise in ROM 


mode when 
RD or CS go high and the output 
data drivers 


are disabled after a conversion 
has started_ This noise can 


cause large errors 
if it occurs 
when 
the SAR latches 
a 


comparator 
decision. 
To avoid this problem, 
RD and CS 


should be active for less than one clock cycle. If this is not 
possible, 
RD or CS should go high at the rising edge of 


CLK, since the comparator 
output 
is always 
latched 
on 


falling edges of CLK. 
- 
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Printed 
circuit 
boards 
should 
be used for best 
system 
performance. 
Wire-wrap 
boards are not recommended. 
Board layout should ensure that digital and analog signal 
lines are separated 
from each other. Take care not to run 
analog and digital 
(especially 
clock) lines parallel to one 


another, 
or digital lines underneath 
the ADC package. 


Figure 17 shows 
the recommended 
system 
ground con- 
nections. 
A single-point 
analog 
ground 
("star" 
ground 
point) should be established 
at AGND, separate from the 
logic ground. All other analog grounds 
and DGND should 
be connected 
to this ground. 
No other 
digital 
system 
grounds 
should be connected 
to this single-point 
analog 
ground. The ground return to the power supply from this 
ground should be low impedance 
and as short as possible 
for noise-free 
operation. 


High-frequency 
noise in the VDD power supply may affect 
the high-speed 
comparator 
in the ADC. These supplies 
should 
be bypassed 
to the 
single-point 
analog 
ground 
with 0.1 ~F and 1O~F bypass capacitors. 
Minimize 
capaci- 
tor lead lengths for best supply-noise 
rejection. 
If the +5V 
power 
supply 
is very noisy, a 10n 
resistor 
can be con- 
nected as a lowpass filter to filter out supply noise (Figure 
17) 


High-speed 
sampling 
capability 
and 76kHz 
throughput 
make the MAX190 
ideal for wideband-signal 
processing. 
To support 
these 
and other 
related 
applications. 
Fast 
Fourier Transform 
(FFT) test 
techniques 
guarantee 
the 
ADC's dynamic frequency 
response, distortion. 
and noise 
at the rated throughput. 
Specifically. 
this involves 
apply- 


ing a low-distortion 
sine 
wave 
to the 
ADC 
input 
and 
recording 
the digital 
conversion 
results 
for a specified 


time. 
The data is then analyzed 
using an FFT algorithm 
which determines 
its spectral content. 
Conversion 
errors 
are then seen as spectral 
elements 
outside 
the funda- 


mental 
input frequency. 


ADCs have traditionally 
been evaluated 
by specifications 
such as Zero and Full-Scale 
Error, Integral 
Nonlinearity 
(INU, 
and Differential 
Nonlinearity 
(DNU. 
Such param- 
eters 
are widely 
accepted 
for specifying 
performance 
with DC and slowly varying signals. but are less useful in 
signal-processing 
applications 
where 
the ADC's 
impact 


on the system 
transfer function 
is the main concern. The 


significance 
of various DC errors does not translate 
well 


to the dynamic 
case, so different 
tests are required. 


Signal-to-Noise 
Ratio and 


Effective 
Number 
of Bits 


Signal-to-Noise 
Ratio (SNR) is the ratio between 
the RMS 


amplitude 
of the fundamental 
input frequency 
to the RMS 
amplitude 
of all other ND 
output 
signals. 
except 
signal 
harmonics. 
Signal-to-Noise 
+ Distortion 
ratio (SINAD) is 


the same as the SNR, but includes 
signal harmonics. 


The theoretical 
minimum 
ND 
noise is caused by quanti- 


zation error and is a direct result of the ADC's 
resolution: 
SNR = (6.02n + 1.76ldB where 
n is the number 
of bits of 


resolution. 
74dB is the SNR of a perfect 
12-bitADC. 


Figure 
72a. Internal 
Compensation 
Mode 
with Internal 


Reference 
Adjustment 
Circuit 


PO 
:~ 
L 


Figure 
72b. Low Average 
Power 
Mode 
Operation 


(Internal Compensation) 
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By transposing 
the equation 
that converts 
resolution 
to 


SNR we 
can compute 
the 
effective 
resolution 
or the 


"effective 
number 
of bits" 
the ADC provides 
from 
the 
measured 
SNR: 


n = (SNR - 176)/6.02 


Total Harmonic 
Distortion 


Total Harmonic 
Distortion 
(THD) is the ratio of the RMS 
sum of all harmonics 
of the input signal (in the frequency 


band above DC and below one-half the sample rate) to the 
fundamental 
itself. This is expressed 
as: 


THD = 20Log[~(Vl 
+ vi + V42 + V52 + ... + VN2lN,] 


where V, is the fundamental 
RMS amplitude 
and V2 to VN 
are the amplitudes 
of the 2nd through 
nth harmonics. 


OPEN CIRCUIT 
(FLOAT) 


PO :-1-----1 
_ 


12.5~s 
--\/--- 


Figure 
13b. Low Average 
Power Mode 
Operation 
(External Compensation) 


Spurious-free 
dynamic range is the ratio of the fundamen- 


tal RMS amplitude 
to the amplitude 
of the next largest 


spectral component 
(in the frequency 
band above DC and 


below one-half the sample rate). Usually this peak occurs 
at some harmonic 
of the input frequency. 
But if the ADC 


is exceptionally 
linear, it can occur at a random peak in the 


ADC's 
noise floor. 
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Figure 
16. MAX190 
Bipolar Transfer Function 
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All information 
in this data sheet is preliminary 
and subject 
to change. 
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Low-Power, Single-/Dual-SupplV, 


12-8it Sampling ADC 


_______ 
General Description 


The 
MAX191 
is a complete 
monolithic 
CMOS 
12-bit 
analog-to-digital 
converter 
(ADC) that features a differen- 
tial input, track-and-hold 
(T/H), adjustable 
voltage 
refer- 


ence, 
internal 
or external 
clock, 
and 
both 
parallel 
and 
serial ~P interfaces. 
It has a conversion 
time of 7 .5~s and 
tested sampling 
rate of 100kHz while requiring 
only 5mA 
from a single 5V supply. A 50~ 
power-down 
mode saves 
power in a slow sampling 
rate applications. 


No external 
components 
are needed 
other than decou- 
piing capacitors 
for the power supply and reference. 
This 
ADC operates 
with an internal or external 
reference. 
The 
internal 
reference 
features 
an adjustment 
input for trim- 


ming system 
gain errors. 


The MAX191 
provides 
three interface 
modes. 
Two 8-bit 
parallel 
modes, 
and a serial-interface 
mode that is com- 


patible with common 
serial-interface 
standards. 
__________________ 
AppUcaffons 


Battery-Powered 
Data Logging 


High-Accuracy 
Process Control 


Electro-Mechanical 
Systems 


Automatic 
Testing 
Systems 


Data-Acquisition 
Boards for PCs 


Telecommunications 


Digital-Signal 
Processing 
(DSP) 


VREF 5 


REFADJ 
6 


18 D7/SoATA 


17 D61SclK 


16 D5/SsTB 
15 D4 


14 D3ID11 


:~ D2/D10 


10 D1ID9 


DOID8 


- 


• 
12-Bit Resolution,1/2LSB 
Linearity 


• 
Single +5V or Dual ±5V Operation 
5mA 


Max Current 


• 
Power-Down 
Mode - 50~A Max 


• 
Built-In Track-and-Hold 
• 7.5~sConversion 
Time 
(9.5~sIncluding 
T/H Acquisition) 


• 
Internal 
Reference 
with Adjustment 
Capability 


• 
Serial and 8-Bit Parallel ~P Interface 


• 
24-pin Narrow 
DIP and Wide SO Packages 


REFADJ 


AGND 7 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 
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16-Sit, 
Self-Calibrating, 
10J,tsSampling ADC 


_______ 
General Description 


The 
MAX195 
is a 
16-bit 
successive-approximation 


analog-to-digital 
converter 
(ADC) 
that 
combines 
high 


speed, 
high 
accuracy, 
and 
low 
power 
consumption. 


Internal calibration 
circuitry 
corrects 
linearity/offset 
errors 


and maintains 
full 16-bit performance 
over the full operat- 


ing temperature 
range without external adjustments. 
The 


capacitor-DAC 
architecture 
provides 
an inherent 
100k 


samples 
per second 
(ksps) track/hold 
function. 


The MAX195, 
with an external 
reference 
(+4V to +5V), 
offers a unipolar 
(OV to REF+) or bipolar 
(REF- to REF+) 


pin-selectable 
input range. 
Separate 
analog 
and digital 


supplies 
minimize 
digital-noise 
coupling. 


The chip-select 
(CS) input controls 
the three-state 
serial- 


data output. 
The output 
can be read either during 
con- 


version 
as 
the 
bits 
are 
determined, 
or 
following 


conversion 
at up to 5MHz using the serial clock (SCLK). 


Calibration 
is performed 
at power-up 
and can be initiated 


at any time using the RESET pin. The end- of-conversion 
(EOC) output 
can be connected 
directly 
to the convert 


(CONV) input for continuous, 
full-speed 
conversions. 


__________ 
Applications 


Industrial 
Controls 


Robotics 


Multiple 
Transducer 
Measurements 


Vibrational 
Analysis 


Analytical 
Instruments 


Audio 


Digital-Signal 
Processing 


4 
OVDD 
6 
OGNO 


11 OVss 
16 AVDD 


14 AGNO 
15 AVss 


AIIAXIAII 


MAX195 


• 
16-Bit Resolution 
and Linearity 


• 
Internal Calibration 
of Linearity 
and Offset 
~ 


• 
100ksps 
Sampling 
ADC 
•• 


• 
Built-In Track/Hold 
)c 


• 
AC and DC Specified 
•••• 


• 
Unipolar 
(OV to REF+) and Bipolar 
~ 


(REF- to REF+) Input Range 
WI 


• 
100mW 
Max Power Consumption 


• 
Three-State 
Serial-Data 
Output 


• 
Small 
16-Pin 
DIP Package 


AVDD 


AVss 


AGNO 


OVss 


RESET 


AVDD 


AVss 


AGNO 


N.C. 


N.C. 


AIN 


REF 


NC 


N.C. 


OVss 


RESET 


CONV 


OGNO 


EOC 
11 


cs 


______________ 
Video Products 


Video Products Table 
8-1 
MAX435 
250MHz WidebandTransconductance 
Amplifier 
8-3' 


MAX436 
250MHzWidebandTransconductanceAmplifier 
8-3' 
MAX440 
8-Channel, High-Speed Video Multiplexer/Amplifier 
8-5 
MAX441 
4-Channel, High-Speed Video Multiplexer/Amplifier 
8-5 
MAX442 
2-Channel, 140MHz, Video Multiplexer/Amplifier 
8-17 
MAX456 
8x8 Video Switch Crosspoint 
8-21 


Video Products 


Unity 
Output 
Supply 
Prlcet 


Part 
GBW 
Slew Rate 
Vos 
Current 
Voltage 
IBIAS 
100G-up 
Number 
(MHz) 
(V/fiS) 
(mVmax) 
(mAmax) 
(V) 
(nAmax) 
Features 
($) 
VIDEO AMPLIFIERS 
MAX404 
80 (Av~2) 
500 
8 
50 
:±5 
3f1A 
Broadcast-<iuality video op amp, 
2.68 


0.01"/0.05% diffphase/rn, 
symmetrical 
inputs, 70d 
CMRR, 


66dBAvOL 
MAX408/428/448 
100(Av~3) 
90 
6 to 12 
SO/amp. 
:±5 
l.lf1A 
Single/dual/quad 
op amps, 
3.02/4.06/6.74 
high output drive 
MAX452 
50 
300 
5 
14 
:±5 
10 
Unity-gain 
stable, drives 75Q coax cable 
2.40 
MAX457 
70 
300 
5 
15 
:±5 
1 
Dual, unity-gain 
stable, drives 75Q 
4.45 
coax cable 
VIDEO BUFFERS 
MAX405 
180 
650 
4 
60 
:±5 
2f1A 
Broadcast quality, 
4.25 
O.99V/V gain guaranteed 
over temp, 
0.01"/0.03% diffphase/gain 
MAX460 
140 
1500 
5 to 10 
100 
±15 
0.05 to 0.1 
FET input, EL2005, LHOO33upgrade 
19.78 
LHOO33 
100 
1400 to 1500 
5t020 
100 
±15 
0.1 to 0.5 
FET input, improved 
industry-standard 
13.67 
LHOO63/BB3553 
300 
2000 
25 to 50 
200 
±15 
0.2 to 0.5 
FET input, industry-standard 
23.51/24.99 
VIDEO MULTIPLEXER/ AMPLIFIER 
MAX440 
160 
370 
10 
24 
:±5 
2f1A 
Video amp with 8-channel mule, 
8.95 
! 
110(Av~2) 
0.03"/0.04% diff phase/gain, 
15ns switch 
time, high-Z output state 
MAX441 
160 
370 
10 
24 
:±5 
2f1A 
Video amp with 4-channel mux, 
5.90 
110(Av~2) 
0.03"/0.04% diffphase/gain, 
15ns switch 
time 
MAX442 
160 
370 
5 
24 
:±5 
2f1A 
Video amp with 4-channel mux, 15ns 
4.45 
switch time, 8-pin DIP/SO 
MAX453 
50 
300 
5 
14 
:±5 
10 
Video amp with 2<hannel video mux 
3.94 
MAX454 
50 
300 
5 
14 
:±5 
10 
Video amp with 4-channel video mux 
5.25 
MAX455 
50 
300 
5 
14 
:±5 
10 
Video amp with 8<h'llmel video mux 
8.75 


Unity 
Part 
GBW 
Number 
(MHz) 


VIDEO CROSSPOINT SWITCH 
MAX456 
35 


Slew Rate 
(V/fiS) 
Vos 
(mVmax) 
OFF Isolation 
(dBat5MHz) 
Crosstalk 
(dB at 5MHz) 


Prlcet 
1000-Up 
($) 


8x8 crosspoint 
switch array with 8 output 
buffers, three-state 
capability 


t 
Prices provided are for design guidance and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 


tt FutuIe product - contact factory for pricing and availability. 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 
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250MHz 
Wideband 


Transconductance 
Amplifiers 


DIP/SO 


____________________ 
Typical Operating Circuits 


_______ 
General Description 


The MAX435 
and 
MAX436 
are high-speed, 
wide band 


transconductance 
amplifiers 
(WTA) with true differential, 


high-impedance 
inputs. 
The WTA's unique architecture 
provides 
accurate 
gain 
without 
feedback, 
eliminating 


closed-loop 
phase 
shift 
- 
a primary 
cause 
of circuit 


oscillation 
in conventional 
high-speed 
amplifiers. 
The 
WTA's 
output 
is a current 
proportional 
to the applied 
differential 
input voltage, 
providing 
inherent short-circuit 


protection 
for the outputs. 
Circuit gain is set by the ratio 


of two 
impedances 
and 
an internally 
set current-gain 


factor (K). 


The absence 
of feedback 
allows 
a 250MHz 
bandwidth 


that is independent 
of the circuit 
gain, 
a 700V/lls 
slew 
rate, and a 1% settling 
time of 14ns to a O.5V step input. 


With a CMRR of 50dB at 10MHz, the WTA offers excep- 
tional 
wideband 
common-mode 
rejection. 
1mV input 


offset 
voltage 
provides 
a level of DC precision 
rarely 
found in high-speed 
op amps. 


Unlike current feedback 
amplifiers, 
the MAX435/MAX436 
have fully symmetric, 
high-impedance 
inputs that tolerate 


wide differential 
input voltages 
without destructive 
failure 


or 
amplifier 
saturation, 
virtually 
eliminating 
overload 


recovery 
time. 
The WTA's unique 
performance 
features 


are well suited to a wide variety of applications, 
such as 


high-speed 
instrumentation 
amplifiers 
and 
wideband, 
high-gain 
bandpass 
amplifiers. 
The MAX435's 
differen- 


tial output 
is ideal for high-speed 
differential 
line drivers 


and receivers. 


Differential 
Line Drivers 


Differential 
Line Receivers 


Wideband 
Instrumentation 
Amplifiers 


High-Speed 
Filters 


High-Speed 
Bandpass 
Amplifiers 


IRl+ 


VOt 


ZIN 
Vo 


Vo- 
Rl 


Rl- 


• 
2S0MHz Bandwidth 


• 
700V/JlS Slew Rate 


• 
14ns Setlling 
Time 


• 
SOdB CMRR at 10MHz 


• 
Wideband 
Gain Independent 
of Bandwidth 


• 
No Feedback 


• 
True Differential 
High-Impedance 
Inputs 
______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX435CPD 
O'C to +70'C 
14 Plastic 
DIP 


MAX435C8D 
O'C to +70'C 
1480 


MAX435C/D 
O'C to +70'C 
Dice' 


MAX435EPD 
-40'C 
to +85'C 
14 Plastic DIP 


MAX435E8D 
-40'C 
to +85'C 
1480 


MAX435MJD 
-55'C 
to + 125'C 
14 CERDIP 


MAX436CPD 
O'C to +70'C 
14 Plastic DIP 


MAX436C8D 
O'C to +70'C 
1480 


MAX436C/D 
O'C to +70'C 
Dice' 


MAX436EPD 
-40'C 
to +85'C 
14 Plastic 
DIP 


MAX436E8D 
-40'C 
to +85'C 
1480 


MAX436MJD 
-55'C 
to +125'C 
14 CERDIP 


, Dice are specified 
at TA= +2S'C, 
DC parameters 
only. 


_______ 
Pin Configurations 


~III~JXI~III 


High-Speed Video Multiplexer/Amplifier 


_______ 
Genera. Description 


The MAX440 and MAX441 combine a unity-gain stable, 
wideband video amplifier with a high-speed, 8- or 4- 
channel multiplexer (mux). The mux's fast 15nsswitching 
time and the amplifier's low differential gain and phase 
errors 
(0.04% 
and 0.03', 
respectively) 
make 
the 
MAX440/MAX441 
ideal for broadcast-quality 
video 
applications. 
Both devices operate from ±5V power 
supplies and typically consume only 350mW. 


The on-board video amplifier features a 160MHz unity- 
gain bandwidth, 250V/~s slew rate, and directly drives a 
150n load to ±3V. Pin-selectable frequency compensa- 
tion allows the amplifier's AC response to be optimized 
without external compensation components or complex 
calculations. 
Slew rates of 370V/~s are obtainable for 


applications with a closed-loop gain of 6dB or greater. 
An enable control on the MAX440 places the amplifier 
output into a high-impedance state, allowing multiple 
devices to be paralleled to form larger switch matrices. 


The mux's low channel-input capacitance 
(4pF with 


channel on or off) maximizes high-speed performance. 
No input channels are located on adjacent package pins, 
minimizing crosstalk and simplifying board layout. 
__________ 
App.ications 


Video Signal Multiplexing 


Video Crosspoint Switches 


Coaxial-Cable Drivers 


Video Editing 


Video Security Systems 


Medical Imaging 


High-Speed Signal Processing 
_______ 
Pin Configurations 


TOP VIEW 


INO 
, 


LEVEUEDGE 
2 


GND 
3 


IN1 
4 


V+ 
5 


• 
160MHz 
Unity Gain Bandwidth 


• 
110MHz 
Bandwidth 
(Av = 6dB) 


• 
0.03"/0.04% 
Differential 
Phase/Gain 
Error 


• 
15ns Channel 
Switch Time 
• 370V/~sSlew Rate 


• 
Directly 
Drives 50n Cables 


• 
4pF On/Off Input Capacitance 


• 
No External 
Compensation 
Components 


• 
Pin-Selectable 
Frequency 
Compensation 


• 
Expandable 
for Larger Switch Matrices 


______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX440CPI 
O·Cto 
+7O"C 
28 Plastic 
DIP 


MAX440CWI 
O·Cto 
+7O·C 
28 Wide 50 


MAX440C/D 
O·C to +70·C 
Dice' 


MAX440EPI 
-40"C to +8S"C 
28 Plastic 
DIP 


MAX440EWI 
-40'C 
to +8S'C 
28 Wide SO 


MAX440MDI 
-SS"C to + 12S"C 
28 Ceramic 
58"" 


MAX441CPP 
O"C to +70"C 
20 Plastic 
DIP 


MAX441CWP 
O'C to +70'C 
20 Wide SO 


MAX441EPP 
-40"C to +8S"C 
20 Plastic 
DIP 


MAX441EWP 
-40'C 
to +8S'C 
20 Wide 50 


" Dice are specified 
at +2S"C, DC parameters. 


"Contact 
factory for availability 
and processing 
to MIL-STD-883. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(V+ to V-) . 
12V 


Analog 
Input Voltage 
(V+ + 0.3V) to (V- - 0.3V) 
Digital 
Input Voltage. 
-0.3V to (V+ + 0.3V) 
Short-Circuit 
Current 
Duration 
. . . . . . . .. 
1 minute 


Input Current 
to Any Pin, Power On or Off 
. 
±SOmA 
Continuous 
Power Dissipation 
(TA = +70'C) 
2O-Pin Plastic DIP (derate 800mWrC 
above +70"C) 
2O-Pin Wide SO (derate 1o.OOmwrc 
above +70'C) 
28-Pin Plastic DIP (derate 9.00mWrC 
above +70'C) 
28-Pin Wide SO (derate 12.5OmWrC above +70'C) 
28-Pin Ceramic SB (derate 16.67mWrC 
above +70'C) 


Operating 
Temperature 
Ranges: 


MAX44_C_ 
.. O"C to + 70'C 
MAX44_E_ 
. -40'C 
to +8S'C 
MAX440MDI 
. 
. -SS'C to + 12S'C 
Storage 
Temperature 
Range 
. -6S'C to + 1S0'C 


Lead Temperature 
(soldering, 
10 sec) 
+300'C 


640mW 
800mW 
727mW 


1000mW 
. 1333mW 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
see Hans of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = SV, v- = -sv, VNS = -sv, RL = 1SOil, TA = +2S'C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


DC PERFORMANCE 


Input Voltage 
Range 
VIN 
TA=TMINtoTMAX 
-2 
2 
V 


TA = +2S'C 
+2.S 
+10 


Input Offset Voltage 
VOS 
O'C to +70'C 
+10 
mV 
(All Channels) 
-40'C 
to +8S'C 
±1S 


-SS'C to + 12S'C 
+20 


TA = +2S'C 
±1 
±2 


Input Bias Current 
IB 
VIN = OV 
O'C to +70'C 
+S 
JlA 
(Channel 
On) 
-40'C 
to +8S'C 
+S 


-SS'C to +12S'C 
+20 


Input Leakage 
Current 
ILKG 
VIN = OV 
TA = +2S'C 
±D.S 
±SO 
nA 
(Channel 
Off) 
TA = TMIN to TMAX 
±1 
uA 


Input Resistance 
RIN 
-2V:5VCM:5 
2V 
TA = +2S'C 
O.S 
2 
Mil 
(Channel 
On) 
TA = TMIN to TMAX 
02 


Input Capacitance 
CIN 
Channel 
on or off 
4 
pF 


DC Output 
Resistance 
ROUT 
Av = OdB 
2S 
mil 


Disabled 
Output 
Resistance 
ROUTdis 
MAX440 
only, EN = OV 
130 
kil 


Disabled Output Capacrtance 
COUTdis 
MAX440 
onlv, EN = OV 
1S 
pF 


Open-Loop 
Voltage 
Gain 
AVOL 
RL = 7Sil, 
TA = +2S'C 
SO 
60 
dB 
-2V:5 VOUT :5 +2V 
TA = TMIN to TMAX 
46 


Common-Mode 
Rejection 
CMRR 
-2V:5 VIN :5 +2V 
TA = +2S'C 
46 
SO 
dB 
Ratio 
TA = TMIN to TMAX 
40 


Power-Supply 
Rejection 
PSRR 
±4.7SV to ±S.2SV 
TA = +2S'C 
S4 
80 
dB 
Ratio 
TA = TMIN to TMAX 
S4 


Output 
Voltage 
Swing 
VOUT 
TA = +2S'C 
+3 
V 


TA = TMIN to TMAX 
+2 


High-Speed 
Video Multiplexer/Amplifier 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 5V, v- = -5V, VNS = -5V, RL = 150n, 
TA = +25·C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
I UNITS 


DYNAMIC 
PERFORMANCE 


-3dB Bandwidth 
BW1 
Av = OdB, COMP = GND, RL = 75n 
160 
MHz 
BW2 
Av = 6dB, COMP = OPEN, RL = 150n 
110 


Slew Rate 
SR1 
Av = OdB, COMP = GND, RL = 75n 
250 
V/llS 
SR2 
Av = 6dB, COMP = OPEN, RL = 150n 
370 


Differential 
Phase Error (Note 1) 
DP 
VNS = -2.5V to -5V, COMP = OPEN, 
0.03 
deg 
Av = 6dB, RL = 150n 


Differential 
Gain Error (Note 
1) 
DG 
VNS = -2.5V to -5V, COMP = OPEN, 
0.04 
% 
Av = 6dB, RL = 150n 


Settling Time 
ts 
To 0.1% of final value, 
65 
ns 
Av = 6dB, COMP = OPEN, 1V step input 


Adjacent 
Channel 
Crosstalk 
(Note 2) 
XTALK 
f = 10MHz, 
RS = 75n, 
MAX440 
-66 
dB 
Av = OdB 
MAX441 
-70 


Non-Adiacent 
Channel Crosstalk (Note 2) 
XTALK 
f = 10MHz, 
RS = 75n, 
Av = OdB 
-77 
dB 


Feedthrough 
with Amplifier 
Disabled 
FT 
MAX440 
only, 
CHO -CH6 driven 
-71 
dB 
(Note 2) 
f = 10MHz, Av = OdB 
CHO -CH7 driven 
-63 


Input Noise-Voltage 
Density 
en 
f = 10kHz 
12 
nV/..JHz 


POWER-SUPPLY 
REQUIREMENTS 


Operating 
Supply-Voltaae 
Ranae 
Vs 
±4.75 
+5.25 
V 


TA = +25·C 
33 
40 
50 


Positve Supply 
Current 
ICC 
VIN = OV 
O·C to +70·C 
30 
52 
mA 


-40·C to +85·C 
27 
54 


-55·C to +125·C 
27 
54 


TA = +25·C 
24 
30 
40 


Negative 
Supply 
Current 
lEE 
VIN = OV 
O·C to +70·C 
20 
42 
mA 


-40·C to +85·C 
17 
44 


-55·C to + 125·C 
17 
44 


SWITCHING 
CHARACTERISTICS 
(see Figure 
10) 


Loaic 
Low Threshold 
VIL 
TA = TMIN to TMAX 
0.8 
V 


Logic 
High Threshold 
VIH 
TA = TMIN to TMAX 
2.4 
V 


Address 
Setup Time (Note 3) 
tAS 
10 
ns 


Address 
Hold Time (Note 3) 
tAH 
10 
ns 


Address 
Propaaation 
Delav 
tAPO 
r 
, 
r 
20 
ns 


Latch Propagation 
Delay 
tLPO 
20 
ns 


Channel 
Switching 
Time (Note 4) 
tsw 
VNS = -2.5V 
15 
ns 


VNS = -5V 
25 
ns 


Enable Propaaation 
Delav 
tENPO 
MAX4400niv 
15 
ns 


Output 
Disable 
Time 
tOA 
MAX4400niv 
10 
ns 


Output 
Enable Time 
tEN 
MAX4400nly 
40 
ns 


Switching 
Transient (Note 5) 
RL = 75n 
VNS = -2.5V 
100 
mVp_,:> 


VNS = -5V 
800 


Note 
1: 
Input test signal: 
3.58MHz 
sine wave of amplitude 
40lRE superimposed 
on a linear ramp (OIRE to 100IRE). 
IRE is a unit of 


video signal 
amplitude 
developed 
by the International 
Radio Engineers. 
140tRE = 1.0V. 
Note 2: See Figure 9, Dynamic 
Test Circuits. 


Note 3: Guaranteed 
by design. 
Note 4: Channel 
switching 
time specified 
for switching 
between 
2 grounded 
input channels; 
does not include 
signal rise/fall times for 
switching 
between 
channels 
with different 
input voltages. 


Note 5: Measured 
while switching 
between 
2 grounded 
channels. 
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80Ys. FREQUENCY 
(COMP 
= GND)135 


70 
TA=+25·C 
90 


00 
~ 


~ 
50 
0 
~ 
jj: 
40 
PHASE 
-45 
e. 
~ 
~ 
g, 
30 
-90 
1Jj 
9 
20 
-135 ~ 


~ 
10 
-180 ~ 
o 
o 
-225 


~O 
~m 


~ 
~5 
1k 
10k 
lOOk 
1M 
10M 
100M 
1000M 


FREQUENCY(Hz) 


OPEN-LOOP 
GAIN AND PHASE 


8~s.FREQUENCY 
(COMP 
= OPENb 


70 
TA= +25·C 
90 


00 
~ 
~ 
50 
0 
~ 


jj: 
40 
PHASE 
-45 
~ 
~ 
~ 
W 
~ 
~ 


g 
20 
-135 
~ 


~ 
10 
-180 ~ 
o 
o 
-225 


-10 
-270 


~ 
~5 
1k 
10k 
lOOk 
1M 
10M 
100M 
1000M 


FREQUENCY(Hz) 


OPEN-LOOP 
GAIN AND PHASE 
MS. FREQUENCY 
(COMP 
= VOUT)180 
30 


70 
TA= +25·C 


135 
25 


60 
90 
20 


co 
50 
45 
~ 
co 
15 
:s 
:s 


z 
40 
0 
e. 
z 
10 
'" 
'" 
AVCl = 6dB, COMP= OPEN 
~ 
PHASE 
~ 
~ 
~ 
30 
-45 ~ 
~ 
5 
0 
on 
0 
AVCl= OdB,COMP= GNO 
;J 
20 
-90 
w 
9 
0 
on 
:Z 
~ 
10 
-135 ~ 
M: 
-5 
C> 
0 
0 
-180 
-10 


-10 
-225 
-15 


-20 
-270 
-20 
1k 
10k 
100k 
1M 
10M 
100M 
1000M 
1k 
10k 
100k 
1M 
10M 
100M 
loo0M 


FREQUENCY(Hz) 
FREQUENCY(Hz) 


UNITY-GAIN 
OUTPUT 
IMPEDANCE 
YS. FREQUENCY 


TA=+25·C 


0.01 


10k 
100k 
1M 
10M 
100M 


FREQUENCY(Hz) 


CROSSTALK 
Ys. FREQUENCY 
o 
-10 
-20 


-30 


~ 
-40 


>< 
-50 


:;;! 
-60 
t; 
on 
-70 
5 
-80 


-90 
-100 


-110 
-120 


1 
100 
1k 


FREQUENCY(Hz) 


10 
100 


FREQUENCY(MHz) 


High-Speed 
Video Multiplexer/Amplifier 


OUTPUT 
VOLTAGE 
SWING 
vs. LOAD 
RESISTANCE 


5 


4 


3 
~ 
2 
~ 
'" 
1 
«::; 
0 
0:>~ 
-1 
=> 
0-~ 
-2 
=> 
0 
-3 


-4 


-5 
10 
100 
lk 
10k 


LOAD RESISTANCE(il) 


INPUT 
OFFSET 
VOLTAGE 
vs. TEMPERATURE 


10 


8 


6 


'[ 
4 


~ 
2 
2 
0 
:> 
-2 
tutt 
-4 
o 
-6 


-8 


-10 


-60 -40 -20 
0 
20 
40 
60 
80 100 120 140 


TEMPERATUREeC) 


•..... 


••......•..... 


,/ 
- 


OPEN·LOOP 
VOLTAGE 
GAIN 


vs. TEMPERATURE 
80 r-r-,.--,,.--,,.....-,,.--,,.....-,-,-,-, 


COMMON·MODE 
REJECTION 
RATIO 
vs. TEMPERATURE 


<g 
70 I-+-+-+-+-+-I-HH-I 


~ 
60 t=1=1F1=::i=f=f=F=f=T1 


:: 
50 I-+-+-+-I-I-I-H-I-I 


'"~ 
40 I-+-+-+-I-I-I-H-I-I 


§? 
30I-J-J-J-I-I-I-I--II--I----l 
is 
9 
20I-J-J-I-I-I-I-I--I----l----l 
~ 
is 
10I-J-t-t-t-t-t-I--IHH 


a;- 
;; 
30 1--1--1--1-1-1-1-1----:1--11--1 


~ 
u 


o '--l..-l..-l..-L..-L..-L..-L-JL-J--l 
-60 -40 -20 
0 
20 
40 
60 80 100 120 140 


TEMPERATUREeC) 


o L-l..-l..-l..-L..-L..-L..-L.....:L-J--l 
-50 -40 -20 
0 
20 
40 60 
80 100 120140 


TEMPfRATURE ("C) 


:;< 
40 
§. 
- 


!z 
20 


g§ 
=>u 
":; 
-20 
~ 
5l 
-40 


-60 


-80 
-60 -40 -20 
0 
20 40 
60 
80 100 120140 


TEMPERATURE('C) 


2.0 


11.5 
~ 
~ 
=> 
1.0 
u 
'"«: 
05 
~ 
0.5 


;;;:: 


VCM=OV 


"- 


IB- 


""- 


IB+ 
••...•..• 
--.. 
••...•..• 
-.. 
••...•..• 
••...•..• 
f..... 


•........r-..... :::::-.. 


•..... 


o 
-60 -40 -20 
0 
20 
40 
60 
80 100 120140 


TEMPERATURE('C) 


v 


•..... 


1/ 
/' 


,/ 


,/ 


I...•.• 
k 
MAX440 ONLY 
EN=OV 


~ 
u 
150 


~ 
S!2 
~ 
~ 
100 


~ 
=>o 


~ 
50 


~c 


o 
-60 
-40 -20 
0 
20 
40 
60 
80 
100 120 140 


TEMPERATUREeCl 


____ 
Applications Information 


The MAX440/MAX441 
are wideband, 
monolithic 
video 


multiplexer/amplifiers 
with 
8 and 
4 
input 
channels, 


respectively. 
The output 
amplifier 
is used in the nonin- 


verting 
configuration 
and 
features 
pin-selectable 
fre- 


quency 
compensation. 


The MAX440/MAX441 
's bipolar 
construction 
results in a 


typical 
channel 
input capacitance 
of only 4pF, whether 


the channel 
is or: or off. The mux's 
input 
capacitance 


forms 
a single-pole 
RC lowpass 
filter 
with 
the output 


impedance 
of the signal source. 
This filter can limit the 


system's 
signal 
bandwidth 
if the RC product 
becomes 


too 
large. 
The 
MAX440/MAX441's 
low-channel 
input 
capacitance 
allows the amplifier's 
full AC performance 
to 


be realized, 
even with source 
impedances 
as great 
as 


250n. 


Feedback 
resistors 
should 
be limited 
to no more 
than 


500n 
to ensure that the RC time constant 
formed 
by the 


resistors, 
the 
circuit 
board's 
capacitance, 
and 
the 


capacitance 
of the amplifier 
input pins does not limit the 


system's 
high-speed 
performance. 


Power·Supply 
Bypassing 
and Board Layout 


Realizing the full potential AC performance 
of high-speed 


amplifiers 
requires 
careful 
attention 
to 
power-supply 


bypassing 
and 
board 
layout. 
Use 
a large, 
low-im- 
pedance 
ground 
plane with the MAX440/MAX441. 
With 


multi-layer 
boards, 
the ground 
plane should 
be located 


on the 
PC board's 
component 
side 
to minimize 
im- 


pedance 
between 
the 
components 
and 
the 
ground 


plane. 
For single-layer 
printed 
circuit 
(PC) boards, com- 


ponents 
should be mounted 
on the board's 
copper 
side 


and the ground 
plane should include the entire portion of 


the PC board that is not dedicated 
to a specific signal trace. 


To prevent 
oscillation 
and 
unwanted 
signal 
coupling, 


minimize 
trace area at critical 
high-impedance 
nodes of 


the circuit, 
especially 
the 
amplifier 
summing 
junction. 


These 
critical 
nodes 
should 
also 
be surrounded 
by a 


ground 
trace. 
Ground 
traces 
should 
be included 
be- 
tween all signal traces to minimize 
parasitic 
coupling 
that 


can degrade 
crosstalk 
and/or 
stability 
of the amplifier. 


Signal 
paths 
should 
be kept 
as short 
as possible 
to 


minimize 
inductance, 
and all input channel traces should 


be of equal 
length 
to maintain 
the 
phase 
relationship 


between 
the input channels. 


All power-supply 
pins should be bypassed 
directly to the 


ground 
plane with 0.1 ~F ceramic 
capacitors, 
placed 
as 


close 
to the supply 
pins as possible. 
For high-current 


loads, 
it may be necessary 
to include 
1~F tantalum 
or 


aluminum 
electrolytic 
capacitors 
in parallel with the 0.1 ~F 


ceramics. 
Capacitor 
lead 
lengths 
should 
be kept 
as 


/~I/JXI/~I 
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PIN 
NAME 
FUNCTION 


MAX440 
MAX441 


1 
1 
INO 
Analog 
Input, Channel 
0 


Digital 
input that controls 
the 


operation 
of LATCH input as 


follows: 
When LEVEUEDGE 
= OV, input data is latched 
on 


LEVEU 
the rising edge of the LATCH 


2 
2 
EDGE 
input (edge 
triggered); 
when 
LEVEUEDGE 
= SV, input 


data is latched 
when LATCH 
= SV (level triggered). 
Hardwire 
to +SV or GND for 


improved 
crosstalk. 


3 
4 
INl 
Analog 
Input, Channell 


4,10, 
3,9 
GND 
Ground 
12,14 


S 
7 
IN2 
Analoa 
Input, Channel 
2 


6,21,22 
S, 16 
V+ 
Positive 
Power Supply, 
+SV 


7 
10 
IN3 
Analog 
Input, Channel 
3 


8,16,17 
6, 12 
V- 
Neaative 
Power Supplv, 
-SV 


9 
- 
IN4 
Analoa 
Input, Channel 
4 


11 
- 
INS 
Analog 
Input, Channel 
S 


13 
- 
IN6 
Analog 
Input, Channel 
6 


lS 
- 
IN7 
Analoa 
Input, Channel 
7 


18 
13 
IN- 
Amplifier 
Invertina 
Input 


19 
14 
VQLJT 
Amplifier 
Output 


Amplifier 
Compensation 
Input. Ground 
for unity-gain 


20 
lS 
COMP 
application, 
or use to adjust 
compensation 
for higher-gain 
applications 
(see texi). 


Latch control 
for digital 
in- 
puts. 
If LEVEUEDGE 
= OV, 


data is latched 
on the rising 


23 
17 
LATCH 
edge 
of LATCH. 
If 


LEVEUEDGE 
= SV, the input 
register 
is transparent 
when 
LATCH = OV and latched 
when LATCH = Sv. 


24 
18 
AO 
Channel Address 
Input 0, LSB 


2S 
19 
Al 
Channel 
Address 
Input 1, 
MSB for MAX441 


26 
- 
A2 
Channel Address 
Input 2, MSB 


Amplifier Output Enable con- 


27 
- 
EN 
trol, active high. This is internal- 
Iv latched, alona with AO to A2. 


Normally 
-SV, minimize 
switching 
time and transients 


28 
20 
VNS 
by tying this pin to -2.SV. 
Analog 
input voltage 
must 


never be more negative 
than 


the voltage 
on this' pin. 
- 
8,11 
N.C. 
No Internal 
Connection 
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short as possible 
to minimize series inductance; 
surface- 


mount (chip) 
capacitors 
are ideal for this application. 


Frequency Compensation 


Three 
different 
frequency 
compensation 
modes 
are 
available 
for the MAX440/MAX441. 
The compensation 
is 
determined 
by the closed-loop 
gain of the application 


circuit 
and is selected 
by the state of the COMP pin as 


shown in Table 1. For closed-loop 
gains below 6dB, the 


COMP pin should 
be tied to ground 
to ensure 
sufficient 
phase margin for stable circuit 
operation. 


Table 1. 
COMP Pin State vs. Closed-Loop Gain 


Closed-Loop 
Gain 
COMP 
Pin State 


VN 
dB 


1 < AVCL <2 
O~ AVCL <6 
GND 


2<AVCL 
< 10 
6 < AVCL < 20 
OPEN 


AVCL> 
10 
AVCL >20 
VOUT 


For closed-loop 
voltage 
gains from 6dB up to 20dB, the 


COMP pin should be left open to maximize 
the amplifier's 


AC performance 
(slew rate, bandwidth, 
differential 
gain 


and phase errors). 
The COMP pin can also be grounded 
to increase 
phase margin for minimizing 
overshoot 
and/or 
ringing of the output pulse response 
or for driving capaci- 


tive loads. The amplifier's 
AC performance 
will be slightly 
degraded 
if COMP is grounded. 


For applications 
with closed-loop 
voltage gains of 20dB or 


more, the COMP pin should be tied to the amplifier output 
to obtain 
the maximum 
high-speed 
response 
from 
the 


amplifier. 
Phase margin can be progressively 
increased 
by leaving the COMP pin open or tying it to ground. 


Plots of the open-loop 
gain and phase 
response 
for the 


three 
different 
compensation 
modes 
are shown 
in the 
Typical 
Operating 
Characteristics 
section. 
Closed-loop 


gain plots are also included 
for each of the three com- 


pensation 
modes at a typical 
operating 
closed- 
loop gain 


(COMP = GND, AVCL = OdB; COMP = OPEN, AVCL = 
6dB; and COMP = VOUT, AVCL = 20dB). 


Figure 
1 shows photographs 
of the amplifier's 
large-sig- 


nal pulse response 
for each of the three compensation 
modes. 
In 
each 
of 
these 
photographs, 
the 


MAX440/MAX441 
is driving 
a back-terminated 
son 


cable, 
so the output 
amplitude 
shown 
at the end of the 


cable is attenuated 
by 6dB from the amplifier 
output. 


Differential 
Gain and Phase Errors 


In color-video 
applications, 
differential 
gain and phase 


errors are critical 
specifications 
for an amplifier, 
because 


these errors directly 
correspond 
to changes 
in the con- 


trast 
and 
color 
of 
the 
displayed 
picture. 
The 


MAX440/MAX441 
have a differential 
gain error of 0.04% 


and a differential 
phase error of 0.03·, making them ideal 


for use in broadcast-quality 
color-video 
systems. 


/&fl/J 
X I /&fl 


CABLE 
OUTPUT 
(lV/div) 


CABLE 
OUTPUT 
(lV1div) 


CABLE 
OUTPUT 
(1V1div) 


Figure 
I. (a) Pulse response 
with RL = lOon (son back- 
terminated 
cable), 
AVCL = + IVN, 
and COMP = GNO; (b) Pulse 


response 
with RL = lOon (son back-terminated 
cable), 
AVCL = 
+2VN, 
and COMP = OPEN; (c) Pulse response 
with RL = lOon 


(son back-terminated 
cable) AVCL = + IOVN, and COMP = 
Vour 
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The MAX440/MAX441 
's differential 
gain and phase error 


are measured 
with the Tektronix 
VM700 Video Measure- 


ment 
Set, with 
the 
input 
test 
signal 
provided 
by the 


Tektronix 
1910 Digital Generator. 
Figure 2 shows the test 


circuit used. The level of differential 
gain and phase error 


will vary slightly 
with the voltage 
applied 
at the VNS pin, 


as shown in Table 2. 


MEASUREMENT: 
TEKTRONIX 
VM700 VIDEO 
MEASUREMENT 
SET 


Table 
2. 
Differential 
Gain and Phase 
Error 


vs. VNS Voltage 


VNS VOLTAGE 
(V) 
DIFFERENTIAL 
DIFFERENTIAL 


GAIN ERROR (%) 
PHASE 
ERROR 
(0) 


-1.0 
0.05 
0.04 


-1.5 
0.04 
0.04 


-2.0 
0.04 
0.03 


-2.5 
0.04 
0.03 


-5.0 
0.04 
0.03 


Coaxial·Cable 
Drivers 


High-speed 
performance 
and 
excellent 
output 
current 


capability 
make the MAX440/MAX441 
ideal for driving 
son 
or 7Sn coaxial 
cables. 
The MAX440/MAX441 
will 
drive a 1S0n load (7Sn back-terminated 
cable) to ±3V. 


Figure 3 shows a MAX440 driving a back-terminated 
7sn 


video 
cable. 
The 
back-termination 
resistor 
(at 
the 


MAX440 
output) 
is included 
to match the impedance 
at 


each end of the cable to the characteristic 
impedance 
of 


the cable itself. This practice 
eliminates 
signal reflections 


at the end of the cable. 
The back-termination 
resistor 


forms a voltage 
divider 
with the load impedance, 
which 


attenuates 
the signal at the cable output by one-half. 
The 


amplifier 
is operated 
with 
a 2VN 
closed-loop 
gain 
to 


provide 
unity gain at the cable's 
output. The photograph 


in Figure 1b shows the large-signal 
pulse response 
of the 


MAX440 when driving a back-terminated 
son cable, with 


a 2VN closed-loop 
gain and the COMP pin left open. 


Capacitive·Load 
Driving 


Driving large capacitive 
loads increases 
the likelihood 
of 


oscillation 
in most amplifier 
circuits. 
This is especially 


true for circuits 
with 
high 
loop-gains, 
like voltage 
fol- 


lowers. 
The 
amplifier's 
output 
impedance 
and 
the 


capacitive 
load form an RC filter that adds a pole to the 


loop response. 
If the pole frequency 
is low enough, 
as 


when driving 
a large capacitive 
load, the circuit 
phase 


margin 
is degraded 
and oscillation 
may occur. 


The MAX440/MAX441 
phase margin and capacitive-load 


driving 
performance 
is optimized 
when the amplifier 
is 


fully compensated 
internally. 
This is accomplished 
by 


connecting 
the COMP pin to circuit 
ground. 
When driv- 


ing large 
(>SOpF) capacitive 
loads 
in voltage-follower 
circuits, 
an isolation 
resistor 
should 
be added 
between 


the amplifier 
output and the capacitive 
load, as shown in 


Figure 4. 
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For improved 
capacitive-load 
driving performance 
without 


the series isolation resistor, the MAX440/MAX441 
should 
be operated 
with a closed-loop 
gain of 6dB (+2VN) 
or 
greater, and the COMP pin should be grounded. 


Digital Interface 


The multiplexer 
architecture 
ensures 
that no two input 


channels 
are ever connected 
together. 
Channel 
selec- 
tion is performed 
by applying 
a binary 
code 
to the ad- 
dress inputs AO, A 1, and A2 (AO and A 1 only for MAX441). 
The address 
decoder 
selects 
input channels, 
as shown 


in Table 3. All digital inputs are compatible 
with TTL and 
CMOS logic levels. 


Table 3. Channel 
Selection 


MAX44D 
MAX441 


EN 
A2 
A1 
AD 
SELECTED 
A1 
AD 
SELECTED 


CHANNEL 
CHANNEL 


a 
x 
x 
X 
High-Z- 
a 
a 
a 
Output 


1 
a 
a 
a 
a 
a 
1 
1 


1 
a 
a 
1 
1 
1 
a 
2 


1 
a 
1 
a 
2 
1 
1 
3 


1 
a 
1 
1 
3 


1 
1 
a 
a 
4 


1 
1 
a 
1 
5 


1 
1 
1 
a 
6 


1 
1 
1 
1 
7 


An address 
latch, which 
retains channel 
selection 
data 


while the data bus is used for other purposes, 
is provided 
on the MAX440/MAX441. 
The latch is in either an edge- 


triggered 
mode or a level-triggered 
mode, depending 
on 
the 
state 
of 
the 
LEVEL/EDGE 
control 
input. 
If 
LEVEL/EDGE is low, the latch operates 
in edge- triggered 
mode, with the latch occuring 
on the rising edge 
of the 
LATCH 
input. 
If LEVEL/EDGE 
is high, 
then 
the 
latch 
operates 
in level-triggered 
mode 
a~ut 
data 
is 
latched when LATCH is high. 
If LEVEL/EDGE 
is high and 
LATCH is low, the input register 
is transparent. 


Channel Switching 
Time and Transient 


When 
switching 
between 
input channels, 
the transient 
voltage 
at the output 
of the MAX440/MAX441 
depends 


on the voltage 
level at the VNS pin. 
The voltage 
at this 
pin should lie within the -1V to -5V range, and is adjusted 
using Figure 5's circuit. 
Note: 
The input voltage 
must 


never be allowed to be more negative than the voltage 
at VNS. 


The switching 
transient's 
magnitude 
and 
the 
channel 


switching 
time 
both 
increase 
as the VNS voltage 
gets 
more negative. 
The photos 
in Figures 6 and 7 illustrate 


TO 
MAX440/MAX441 


VNS PIN =r 
FkTR,MPOT 
o.1~FI 


= 
-5V 


AllNPUT 


AO=f>2=5V 


(5V/div) 
GND 


Figure 6. Output 
Transient 
When Switching 
Between 
Two 


Grounded 
Inputs 
with RL = 750 and 
VNS = -2.5V 


AllNPUT 
AO=f>2=5V 
(5V/div) 
GND 


Figure 
7. 
Output 
Transient 
When Switching 
Between 
Two 
Grounded 
Inputs 
with RL = 750 and 
VNS = -5.QV 


this phenomenon. 
In Figure 6, the VNS voltage 
is -2.5V, 


and the switching 
transient 
peak 
level is 100mVp-p. 
In 
Figure 7, with VNS at -5V, the switching 
transient 
is about 
800mVp-p. 
The typical 
channel 
switching 
time increases 
from 
15ns to 25ns as the VNS voltage 
decreases 
from 
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r-v 
VIN = 1Vp-p AT 10MHz, 


RS=?SQ 
( 
J 
[FEEDTHROUGH = 20 log,0 
VOUT 1 


= 
(8) 
VIN 


INO 


IN1 


IN2 


IN3 


IN4 


INS 


IN6 


IN? 


A2 
Al 
AO 


(MEASURE WITH 
CHANNEL 0 
SELECTED) 


OUT 


150Q 


[CROSSTALK = 20 10910(VOUTJI 


(b) 
VIN 


OUT 


(CHANNEL 0 
150Q 
SELECTED) 


[CROSSTALK =20 log,0 (VOUTJI 


VIN 


(e) 


Figure 8, 
(a) Disabled 
Amplifier 
Feedthrough; 
(b) Adjacent 
Channel 
Crosstalk; 
(c) Non-Adjacent 
Channel 
Crosstalk 


-2.5V 
to 
-5V. 
Figure 
10 shows 
the 
MAX440/MAX441 


timing diagram. 


Output Disable (MAX440 Only} 


The EN pin is provided 
on the MAX440 
to enable 
the 
amplifier 
output 
when driven to a TIL 
high state. 
When 
EN is driven 
low, the MAX440's 
output 
becomes 
a high- 
Impedance 
load with a 130kQ typical 
resistance 
and a 
15pF typical 
capacitance. 
When 
disabled, 
the signal 


feedthrough 
from the mux inputs to the amplifier 
output 


8-14 


is -63db 
at 10MHz, with all 8 input channels 
driven 
with 


a 1Vp-p sine wave and a 150Q load impedance. 
Figure 


8a shows the test circuit 
used to measure 
feedthrough, 


The output disable 
capability 
allows several MAX440s 
to 


be paralleled 
to form larger switch matrices, 
by tying the 


outputs 
together 
and disabling 
all but one of the paral- 
leled amplifier 
outputs. 
Figure 9 shows the 1-of-16 video 


mux/amp 
circuit 
that uses this feature. 
In this example, 


the EN inputs of the MAX440s 
are used as a 4th address 
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.A'IIAXI..IM 


MAX440 
+5V 


CH715 
750 


CH613 
CABLE 


CH511 


CH4 9 
4990 


CH3 7 


CH2 5 
4320 


CH1 3 


CHO 1 


A2 


A1 


AO 


f>3 


+5V 


CH1515 
A2 A1 
IN7 
CH1413 
IN6 
CH1311 
19 
INS 


CH12 9 
IN4 
4990 


CH11 7 
IN3 


CH10 5 
IN2 
4320 


CH9 3 
IN1 


CH8 1 
INO 


.NIAXIA'I 
8 
16 
17 
-5V 
MAX440 
J 01~F J 01~F 


bit (A3), with an inverter 
added 
to ensure 
the amplifiers 


are not simultaneously 
enabled. 
The amplifier 
outputs 


are connected 
after the back-termination 
resistors, 
so 


that 
the 
active 
amplifier 
output 
is isolated 
from 
the 


capacitive 
load 
(15pF 
typ) 
presented 
by the inactive 


output 
of the second 
MAX440. 
This will minimize 
ring- 


ing in the output 
signal. 


The disabled 
amplifier's 
back-termination 
and gain resis- 
tors 
form 
a voltage 
divider 
with 
the 
back-termination 


resistor 
at the active 
amplifier's 
output. 
The amplifier 


closed-loop 
gains have been set slightly greater than 6dB 


A3 
A2 
A1 
AD 
SELECTED 
CHANNEL 


0 
0 
0 
0 
0 


0 
0 
0 
1 
1 


0 
0 
1 
0 
2 


0 
0 
1 
1 
3 


0 
1 
0 
0 
4 


0 
1 
0 
1 
5 


0 
1 
1 
0 
6 


0 
1 
1 
1 
7 


1 
0 
0 
0 
8 


1 
0 
0 
1 
9 


1 
0 
1 
0 
10 


1 
0 
1 
1 
11 


1 
1 
0 
0 
12 


1 
1 
0 
1 
13 


1 
1 
1 
0 
14 


1 
1 
1 
1 
15 


to compensate 
for the signal attenuation 
caused 
by this 


divider. 
The value of the back-termination 
resistors 
has 


been increased 
to 80.6Q so the parallel 
combination 
of 


the resistors 
at the cable's 
input equals 
75Q. 


With proper selection 
of resistor values, this configuration 


can be expanded 
to form 
larger 
switch 
matrices. 
The 


number 
of paralled 
devices 
is limited 
primarily 
by the 


MAX440's 
disabled 
feedthrough. 
Table 
4 shows 
the 


relationship 
between 
the 
digital 
input 
code 
and 
the 


selected 
output channel 
for Figure 9's circuit. 


High-Speed Video Multiplexer/Amplifier 


AO 
1 
LATCH 


V+ 


COMP 


0.096" 


(2.438 mm) 


VOUT j 


IN- 


LOW 


CHANNEL X 


~TCH 1 


COMP 


0.096·· 


(2.438 mm) 


VOUT j 


IN- 


~III~JXI~III 
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_______ 
Genera' Description 


The MAX442 combines 
a 140MHz video amplifier 
with a 
high-speed, 
2-channel 
multiplexer 
in an 8-pin package. 
The MAX442 is ideal for broadcast-quality 
video applica- 


tions, with 36ns switching 
speed and low differential 
gain 


(0.07%) 
and 
phase 
(O.Og") 
errors. 
The 
device 
is 


designed 
to drive 
both son 
and 7Sn 
cables, 
and can 


directly 
drive a 7Sn load to ±3V. 


The MAX442 
video 
amplifier 
is compensated 
for unity- 
gain 
stability, 
and 
features 
140MHz 
bandwidth 
and 


2S0V/~s 
slew 
rate. 
The 
multiplexer's 
low 
input 


capacitance 
(4pF with the channel 
on or off) maximizes 
high-speed 
performance, 
and a ground 
pin separating 
the two input channels 
minimizes 
crosstalk 
and simplifies 


board 
layout. 


The device operates 
from SV supplies 
and typically 
con- 


sumes 300mW. 


For 2-channel 
applications 
that require greater slew rate 


and wider bandwidth 
at closed-loop 
gains of 2 or greater 


(~dB), 
see the MAX443 
data sheet. 
For applications 
that require 
more input channels, 
see the data sheet for 


the 
MAX440 
8-channel 
mux/amp 
and 
the 
MAX441 


4-channel 
mux/amp. 


__________ 
App'ications 


Broadcast-Quality 
Video-Signal 
Multiplexing 


Coaxial-Cable 
Drivers 


Video Editing 


Video Security 
Systems 


Medical 
Imaging 


High-Speed 
Signal Processing 


• 
140MHz 
Unity-Gain 
Bandwidth 


• 250V/~s Slew Rate 


• 
0.07%/0.09" 
Differential 
Gain/Phase 
Error 


• 
36ns Channel 
Switch Time 


• 
No External 
Compensation 
Components 


• 
8-Pin DIP and SO Packages 


• 
Directly 
Drives son and 75n Cables 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX442CPA 
OT 
to +70"C 
S Plastic 
DIP 


MAX442CSA 
O'C to +70'C 
SSO 


MAX442C/D 
O"Cto +70"C 
Dice" 


MAX442EPA 
-40'C 
to +S5"C 
S Plastic 
DIP 


MAX442ESA 
-40'C 
to +S5"C 
SSO 


01~FI 


AltAXIAIt 
V+ 


~ 
MAX442 


750 


Vour 
750 
CABLE 


VIDEO 
INO 


SIGNALS 
2700 
750 
IN 
INl 
IN- 


AO 


2700 


GNO 
v- 


O.l~F 


.•••. 
"'I.•••. 
J X I.•••. 
"'I 
Maxim Integrated Products 
8-17 


Call toll free 1·800·998·8800 
for free samples or literature. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(V+ to V-) . 
Analog 
Input Voltage 
Digital 
Input Voltage. 
Short-Circuit 
Current 
Duration 


Input Current 
to Any Pin, Power On or Off 
. 
Continuous 
Power Dissipation 
(TA = + 70·C) 
Plastic DIP (derate 9.00mWrC 
above +70·C) 
SO (derate S.SSmWrC above +70·C) 


12V 
(V+ + 0.3V) to (V- - 0.3V) 
-0.3V to (V+ + 0.3V) 


1 minute 
±SOmA 


Operating 
Temperature 
Ranges: 


MAX442C_ 
_ 
.O·C to + 70·C 


MAX442E __ 
-40·C to +SS·C 
Storage Temperature 
Range 
-6S·C to + lS0·C 


Lead Temperature 
(soldering, 
10 sec). 
. 
+300·C 


Stresses 
beyond 
those 
listed 
under 
·Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 


operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V+ = SV, v- = -sv, RL = lS0Q, 
TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC PERFORMANCE 


Input Voltage 
Range 
VIN 
-2 
2 
V 


TA = +2S·C 
±l.S 
H.O 


Input Offset Voltage 
Vos 
MAX442C 
±10 
mV 
(All Channels) 


MAX442E 
±12 


Offset Matching 
TA = +2S·C 
±1.0 
±2.S 
mV 
(Vosa - VOS1) 
TA = TMIN to TMAX 
±S.O 


Input Bias Current 
18 
VIN = OV 


TA = +2S·C 
±1 
±2 
(Channel 
On) 
~A 


TA = TMIN to TMAX 
±S 


Input Leaka~e 
Current 
ILKG 
VIN = OV 


TA = +2S·C 
±O.S 
±SO 
nA 
(Channel 
Of ) 
TA = TMIN to TMAX 
±1 
~A 


Input Resistance 
RIN 
-2V$VCM 
$ 2V 
TA = +2S·C 
OS 
2.0 
MQ 
(Channel 
On) (Note 1) 
TA = TMIN to TMAX 
02 


Input Capacitance 
CIN 
Channel 
on or off 
4 
pF 


DC Output 
Resistance 
ROUT 


Av = OdB 
2S 
mQ 
Av = 6dB 
SO 


Open-Loop 
Voltage 
Gain 
AVOL 
RL = 7SQ, 
TA = +2S·C 
SO 
60 
dB 
-2V $ VOUT $ +2V 
TA=TMINtoTMAX 
46 


Common-Mode 
Rejection 
CMRR 
-2V $ VIN $ +2V 
TA = +2S·C 
46 
SO 
dB 
Ratio 
TA = TMIN to TMAX 
46 


Power-Supply 
Rejection 
PSRR 
±4.7SV to ±S.2SV 


TA = +2S·C 
S4 
SO 
Ratio 
dB 


TA = TMIN to TMAX 
S4 


Output 
Voltage 
Swing 
VOUT 
RL = 7SQ 
TA = +2S·C 
±2.S 
±3.0 


V 


TA = TMIN to TMAX 
±2.0 


140MHz,2-Channel, 


Video Multiplexer/Amplifier 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ = 5V, v- = -5V, RL = 1500, 
TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
PERFORMANCE 


-3dB Bandwidth 
BW 
Av = OdB, RL = 1000 
140 
MHz 


Slew Rate 
SR1 
250 
V/lJ.s 


Differential 
Phase Error 
DP 
009 
deg 


Differential 
Gain Error 
DG 
0.07 
% 


Settling Time 
ts 
To 0.1 % 01 final value, 
50 
ns 
Av = OdB, RL = 1500, 
2V step input 


Crosstalk 
XTALK 
1= 10MHz, 
Rs = 750, 
Av = OdB 
76 
dB 


Input Noise-Voltage 
Density 
en 
1= 10kHz 
12 
nV/-.JHz 


POWER 
REQUIREMENTS 


Operating 
Supply-Voltage 
Range 
Vs 
±4.75 
±5.25 
V 


TA = +25'C 
25 
30 
35 


Positve Supply 
Current 
ICC 
VIN = OV 
MAX442C 
22 
38 
mA 


MAX442E 
19 
41 


TA = +25'C 
23 
28 
35 


Negative 
Supply 
Current 
lEE 
VIN = OV 
MAX442C 
20 
38 
mA 


MAX442E 
17 
41 


SWITCHING 
CHARACTERISTICS 


Logic 
Low Threshold 
VIL 
0.8 
V 


Logic 
High Threshold 
VIH 
2.4 
V 


Address 
Propagation 
Delay 
tAPD 
24 
ns 


Channel 
Switching 
Time 
tsw 
36 
ns 


PIN 
NAME 
FUNCTION 


1 
INO 
Analog 
Input, channel 
0 


2 
GND 
Ground 


3 
IN1 
Analog 
Input, channel 
1 


4 
V- 
Negative 
Power Supply, 
-5V 


5 
IN- 
Amplifier 
Inverting 
Input 


6 
VOUT 
Amplifier 
Output 


7 
V+ 
Positive 
Power Supply, 
+5V 


Channel 
Address 
Input: 


8 
AO 
AO = logic 0 selects 
channel 
0, 


AO = logic 
1 selects 
channel 
1 


140MHz,2-Channel, 
Video Multiplexer/Amplifier 


Applications 
Information 


The MAX442's 
bipolar 
construction 
results 
in a typical 
channel 
input capacitance 
of only 4pF, whether the chan- 
nel 
is on 
or off. 
As 
with 
all 
ICs, 
the 
mux's 
input 
capacitance 
forms a single-pole 
RC lowpass 
filter with 
the signal-source's 
output impedance. 
This filter can limit 
the system's signal bandwidth 
if the RC product 
becomes 
too large. 
However, 
the 
MAX442's 
low channel 
input 
capacitance 
allows full AC performance 
of the amplifier, 


even 
with 
source 
impedances 
as 
great 
as 250Q-a 
significant 
improvement 
over 
common 
mux 
or switch 
alternatives. 


Feedback 
resistors 
should 
be limited 
to no more than 
500Q to ensure that the RC time constant 
formed 
by the 
resistors, 
the 
circuit 
board's 
capacitance, 
and 
the 
capacitance 
of the amplifier 
input pins does not limit the 
system's 
high-speed 
performance. 


Power-Supply 
Bypassing 
and Board Layout 


Realizing 
the 
full 
AC 
performance 
of 
high-speed 
amplifiers 
requires 
careful 
attention 
to 
power-supply 
bypassing 
and 
board 
layout. 
Use a low-impedance 
ground 
plane with the MAX442. 
With multilayer 
boards, 


the ground 
plane should 
be located 
on the PC board's 
component 
side 
to minimize 
impedance 
between 
the 
components 
and 
the 
ground 
plane. 
For single-layer 


boards, 
components 
should 
be mounted 
on the board's 
copper 
side and the ground 
plane 
should 
include 
the 
entire 
portion 
of the board 
that 
is not dedicated 
to a 
specific 
signal trace. 


To prevent 
oscillation 
and 
unwanted 
signal 
coupling, 


minimize 
trace 
area 
at the 
circuit's 
critical 
high-im- 
pedance 
nodes, 
especially 
the amplifier 
summing 
junc- 
tion 
(the 
amplifier's 
inverting 
input). 
Surround 
these 
critical 
nodes 
with a ground 
trace, 
and include 
ground 
traces 
between 
all signal 
traces 
to minimize 
parasitic 


coupling 
that 
can 
degrade 
crosstalk 
and/or 
amplifier 


stability. 
Keep signal paths as short as possible 
to mini- 
mize inductance, 
and all input channel 
traces 
should be 
of equal 
length 
to maintain 
the phase 
relationship 
be- 
tween the input channels. 


Bypass all power-supply 
pins directly to the ground plane 
with 0.1l!F 
ceramic 
capacitors, 
placed 
as close 
to the 
supply 
pins as possible. 
For high-current 
loads, 
it may 


be 
necessary 
to 
include 
1l!F 
tantalum 
or aluminum 
electrolytic 
capacitors 
in parallel with the 0.1l!F ceramic 
bypass capacitors. 
Keep capacitor 
lead lengths as short 
as 
possible 
to minimize 
series 
inductance; 
surface- 
mount (chip) capacitors 
are ideal for this application. 


Differential 
Gain and Phase Errors 


In color video 
applications, 
lowest 
differential 
gain and 
phase 
errors are critical 
for an IC, because 
they cause 
changes 
in contrast 
and color of the displayed 
picture. 
Typically 
the MAX442's 
multiplexer/amplifier 
combina- 
tion has a differential 
gain and phase error of only 0.07% 


and 
0.09° 
respectively. 
This 
low differential 
gain 
and 
phase 
error makes the MAX442 
ideal for use in broad- 
cast-quality 
color video systems. 


Coaxial-Cable 
Drivers 


High-speed 
performance 
and 
excellent 
output 
current 
capability 
make the MAX442 ideal for driving 50Q or 75Q 
coaxial 
cables. 
The MAX442 
will drive 
50Q 
and 
75Q 
coaxial 
cables 
to ±3V 


The typical 
operating 
circuit 
shows the MAX442 
driving 
a back-terminated 
75Q video cable. 
The back-termina- 
tion resistor (at the MAX442 output) 
is included 
to match 


the impedance 
of the cable's 
driven 
end to the charac- 
teristic 
impedance 
of the 
cable 
itself. 
This, 
plus 
the 
load-termination 
resistor, 
eliminates 
signal 
reflections 


from 
the 
cable's 
ends. 
The 
back-termination 
resistor 
forms a voltage 
divider 
with the load impedance, 
which 
attenuates 
the signal at the cable output by one-half. 
The 
amplifier 
is operated 
with 
a 2VN 
closed-loop 
gain 
to 
provide 
unity gain at the cable's 
video output. 


~III~JXI~III 
8 x 8 Video Crosspoint Switch 


_______ 
General Description 


The 
MAX456 
is the 
first 
monolithic 
CMOS 
8x8 video 


crosspoint 
switch 
that significantly 
reduces 
component 


count, 
board 
space, 
and cost. 
The crosspoint 
switch 


contains 
a digitally-controlled 
matrix of 64 T-switches 
that 
connect 
eight 
video 
input 
signals 
to any, or all, output 


channels. 
Each matrix output connects 
to eight internal, 


high-speed 
(250V/lls), 
unity gain stable buffers 
capable 


of driving 
400Q 
and 
20pF 
to ±1.3V. 
For applications 
requiring 
increased 
drive 
capability, 
the outputs 
of the 
MAX456 can be connected 
directly to four MAX457 (dual) 


video amplifiers, which are capable 
of driving 
75Q loads. 


Three-state 
output 
capability 
and internal, 
programma- 


ble 
active 
loads 
make 
it feasible 
to 
parallel 
multiple 
MAX456s 
and form larger switch matrices. 


In the 40-pin 
DIP package, 
crosstalk 
(70dB at 5MHz) is 


minimized, 
and board area and complexity 
are simplified 


by using a straight-through 
pin out. 
The analog 
inputs 
and outputs 
are on opposite 
sides, and each channel 
is 
separated 
by a power-supply 
line or "quiet" digital 
logic 


line. 


Video Test Equipment 


Video Security 
Systems 


Video Editing 


Features 


• 
Routes Any Input Channel to Any Output Channel 


• 
Switches 
Standard 
Video Signals 


• 
Serial or Parallel Digital Interface 


• 
Expandable 
for Larger Switch 
Matrices 


• 
SOdB All-Channel 
Off Isolation 
at 5MHz 


• 
Eight Internal 
Buffers with: 


250V/lls 
Slew Rate, Three-State 
Output Capability, 


Power-Saving 
Disable 
Feature, 
35MHz 
Bandwidth 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX456CPL 
O'C to 
+70'C 
40 Plastic 
DIP 


MAX456CQH 
O'C to 
+70'C 
44 PLCC 


MAX456C/D 
O'C to 
+70'C 
Dice' 


WJ1 
~ 
DGND 
DIll 


LATCH 
:::>g, 


IN3 
:::> 
0 
~ 
DGND 


A2 


OUTPUT { 
Al 
tt 
IN4 


SELECT 
ii5 


AD 
", 


BXB 


T-SWITCH 
IN5 
MATRIX 


"em1 
v+ 
SELECT 
OR 
IN6 


SERIAL 
SERJI'AR 
110 


Dl/SER OUT 
1 


DD/SER IN 
2 


/Vl/J X I/Vl 
Maxim Integrated Products 
8-21 


Call toll tree 1·800-998·8800 tor tree samples or literature. 


8x 8 Video Crosspoint Switch 


Total Supply 
Voltage 
(V+ to V-) 
12V 
Positive Supply 
Voltage 
V+ referred 
to AGND 
. 
. 
+ 12V 


Negative 
Supply 
Voltage 
V- referred 
to AGND 
-12V 


DGND Voltage 
AGND ±0.3V 
Buffer Short Circuit 
to Ground, 
when not exceeding 
package 
power dissipation 
... 
Indefinite 


Analog 
Input Voltage 
(V+) +0.3V to (V-) -0.3V 
Digital 
Input Voltage. 
. 
(V+) +0.3V to (V-) -0.3V 


Input Current, 
power on or off 
Digital 
Inputs 
. 
. 
±20mA 
Analog 
Inputs 
±50mA 


Continuous 
Total Power Dissipation 
(TA = + 70'C) 
40-Pin Plastic 
DIP (derate 
11.3mWrC 
above 
+ 70'C) 
. 889mW 


40-Pin CERDIP (derate 20.0mWrc 
above 
+70'C) 
.. 
1600mW 


44-Pin PLCC (derate 
13.3mWrC 
above 
+70'C 
..... 
1066mW 


Operating 
Temperature 
Ranges: 


MAX456C __ 
O'C to +70'C 


MAX456E __ 
-40'C 
to +85'C 


Storage 
Temperature 
Range 
-65'C 
to + 160'C 


Lead Temperature 
(soldering, 
10 sec) 
+300'C 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may 
affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V + = 5.0V, V- = -5.0V; -1.3V $ VIN $ + 1.3V; Load Pin = +5V; Internal 
Load Resistors 
On; AGND 
= DGND = OV; 
TA = +25'C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Voltage 
Range 
-1.3 
1.3 
V 


Internal Load Resistors 
On, 


Voltage 
Gain 
No External 
Load, VIN = OV to + 1V 
VN 
TA = +25'C 
0.99 
1.0 
1.01 
TA = -40'C 
to +85'C 
098 
1.0 
1.02 


Buffer Offset Voltage 
TA = +25'C 
±5 
mV 
TA = -40'C 
to +85'C 
±12 


Offset Voltage 
Drift 
TA = -40'C 
to +85'C 
20 
llVrC 


Operating 
Supply 
Voltage 
±45 
±5.5 
V 


Supply 
Current, 
All Buffers On 
TA = +25'C 
39 
45 
mA 
(No External 
Load) 
TA = -40'C 
to +85'C 
60 


Supply 
Current, 
TA = +25'C 
1.5 
3 
mA 
All Buffers 
Off 
TA = -40'C 
to +85'C 
4 


Power-Supply 
Rejection 
Ratio 
±4.5V to ±5.5V, DC Measurement 
50 
64 
dB 


Analog 
Input Current 
TA = -40'C 
to +85'C 
±O.1 
±10 
nA 


Internal 
Load Resistors 
Off, 


Output 
Leakage 
Current 
All Buffers Off 
±100nA 
nA 


TA = -40'C 
to +85'C 


B x B Video Crosspoint 
Switch 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V+ ; 5.0V, v- ; -5.0V; -1.3V" 
VIN " + 1.3V; Load Pin; 
+5V; Internal 
Load Resistors 
On; AGND 
; DGND 
; OV; 


TA; 
+25'C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Internal-Ampl 
ifier 
TA; 
+25'C 
250 
400 
600 
Q 
Load Resistor 
(LOAD 
Pin; 
5V) 
TA ; -40'C 
to +S5'C 
200 
765 


Buffer-Output 
Voltage 
Swing 
Internal 
Load Resistors 
On, No Ext. Load 
±1.3 
V 


Digital 
Input Current 
TA ; -40'C 
to +S5'C 
±1 
~A 


Output 
Impedance 
at DC 
10 
Q 


Input Logic 
Low Threshold 
OS 
V 
Input Logic 
High Threshold 
24 


Serial Mode, SER/PAR ; 5V 


SER OUT Output Logic Low (Pin 1) 
IOL; 
16mA 
04 
V 
SER OUT Output Logic High 
IOH; 
-04mA 
4 


Dynamic 
Specifications 
(Note 1) 


Output-Buffer 
Slew Rate 
Internal Load Resistors 
On, 10pF Load 
250 
V/~s 


Single-Channel 
Crosstalk 
At 5MHz, VIN ; 2Vp_p (Note 2) 
60 
70 
dB 


All-Channel 
Crosstalk 
5MHz, 
VIN ; 2Vp_p (Notes 
2, 3) 
57 
dB 


All-Channel 
Off Isolation 
5MHz, VIN ; 2Vp_p (Note 2) 
SO 
dB 


-3dB Bandwidth 
10pF Load, VIN ; 2Vp_p (Note 2) 
25 
35 
MHz 


Differential 
Phase Error 
Note 4 
1.0 
deg 


Differential 
Gain Error 
Note 4 
0.5 
% 


Input Noise 
DC t040MHz 
0.3 
10 
mVrms 


Input Capacitance 
All Buffer Inputs Grounded 
6 
pF 


Buffer Input Capacitance 
Additional 
Capacitance 
for Each Output 
2 
pF 
Buffer Connected 
to Channel 
Input 


Output Capacitance 
Output 
Buffer Off 
7 
pF 


Note 
1: 
Guaranteed 
by design. 
Note 2: 
See Dynamic 
Test Circuits on page 
11. 


Note 3: 
3dB typical 
crosstalk 
improvement 
when Rs ; OQ. 


Note 4: 
Input test signal: 3.5SMHz sine wave of amplitude 
40lRE superimposed 
on a linear ramp (0 to 100IRE). 
IRE is a unit of video-signal 
amplitude 
developed 
by the International 
Radio Engineers. 
1401RE; 
1.0V. 


B x B Video Crosspoint Switch 


CD 
ELECTRICAL 
CHARACTERISTICS 
(continued) 


." 
(V+ = 5.0V, v- = -5.0V; -1.3V S VINS +1.3V;Load Pin = +5V; Internal Load Resistors On; AGND = DGND = OV) 


~i 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Switching 
Characteristics 
(Note 1) (See Figure 4) TA = TMINto TMAX 


Chip Enable to Write Setup 
tCE 
0 
ns 


Write PulseWidth 
tWR 
80 
ns 


Data Setup 
tos 
Parallel Mode 
240 


32-bit Serial Mode 
160 
ns 


Data Hold 
tOH 
a 
ns 


Latch Pulse Width 
tL 
80 
ns 


Latch Delay 
to 
80 
ns 


Switch Break-Before-Make Delay 
towteFF 
15 
ns 


LATCH Edge to Switch 
(Off) 
tOFF 
LATCH On 
35 
ns 


(On) 
tON 
50 


______ 
Detailed Description 


Output Suffers 


The MAX456 
video 
crosspoint 
switch 
consists 
of 64 T- 
switches 
in an 8 x 8 grid (Figure 
1). The 8 matrix outputs 
are followed 
by 8 wideband 
buffers optimized 
for driving 
4000 
and 20pF loads. Each buffer has an internal active 


load on the output 
which 
can be readily 
shut off via the 
LOAD 
input (Off when LOAD = OV). This is useful when 
two or more MAX456 circuits 
are connected 
in parallel to 
increase 
the number 
of input channels. 
In such applica- 
tions, only one set of buffers 
is active at a time, and they 


can drive only one set of loads. 
The buffers must have a 
load when they are active. 
This load may be: 


1. The internal 
load 


2. The internal load of another 
buffer in another MAX456 


3. An external 
load (3900 
to 4700 
resistor) 


Each MAX456 output can be disabled 
under logic control. 


When a buffer is disabled, 
its output enters a high imped- 
ance state. 
In multichip-parallel 
applications, 
the disable 
function 
prevents 
inactive 
outputs 
from 
loading 
lines 
driven 
by other 
devices. 
Disabling 
the inactive 
buffers 
reduces 
power consumption. 


The 
MAX456 
outputs 
connect 
easily 
to MAX457 
dual 
amplifiers 
when 750 
loads must be driven. 


Power-On RESET 


The MAX456 has an internal power-on 
reset (POR) circuit 


which 
remains 
low for 5~s when power 
is applied. 
POR 


also remains low if the total supply voltage 
is less than 4V. 


In the serial-interface 
mode, the POR clears 
all address 


and 
data 
latches 
and 
disables 
all buffer 
outputs 
at 


power-up. 
In the parallel-interface 
mode, 
random 
data 


can override 
this initial preset, so initial conditions 
should 


be re-programmed 
soon after power-up. 


Digital Interface 


Refer to Table 3 and the Timing Diagrams, 
Figures 
4-6. 


Switch programming 
data is loaded 
in one of two ways: 


7-bit Parallel 
32-bit Serial 


All action associated 
with the WR line occurs 
on its rising 


edge. 
The same is true for the LATCH line if EDGE/LEVEL 
is high. 
Otherwise, 
the 2nd-rank 
register~date 
while 


LATCH is low (when EOGE/LEVEL is low). WR is logically 
ANOed with CE and CE to allow active-high 
or active-low 


chip enable. 
7-S;t Parallel Mode 


In the parallel 
mode, 
the 7 data bits A2-AO and 03-00 


specify 
an output channel 
(A2-AO) and the input channel 


to which 
it connects 
(03-00). 
The data is loaded 
on the 


rising edge of WR. The 8 input 
channels 
are selected 


by 
0000 
through 
0111 
(03-00) 
The 
remaining 
8 


codes 
(1000-1111) 
control 
other MAX456 
functions 
as 


listed 
in Table 
1. 


B x B Video Crosspoint Switch 


A2·AO 
03·00 
FUNCTION 


Connect 
the buffer selected 
by 


OOOOtoOlll 
A2-AO to the input channel 
se- 
lected 
by 03-00. 


Connect 
the buffer selected 
by 


1000 
A2-AO to OGNO. 
Note, if the buffer 
output 
is on, its output 
is its offset 


voltage. 


1011 
Shut off buffer selected 
by A2-AO, 
and retain 2nd-rank 
contents. 


Selects 
Turn on buffer selected 
by A2-AO, 


Output 
1100 
or restore previously 
connected 
Buffer, 
channel. 


OUTO 


to 
1101 
Turn off all buffers, 
and leave 2nd- 
OUTl 
rank registers 
unchanged. 


1110 
Turn on all buffers, 
or restore 
pre- 
viously connected 
channels. 


Send a pulse to the 2nd-rank 
regis- 


ters to load them with the contents 
1111 
of the 1st-rank 
registers. 
This is a 


'software-LOAD' 
command 
to the 


2nd-rank 
registers. 


Do not use these codes 
in the par- 


1001 and 1010 
allel-interface 
mode. 
These codes 
are for the serial-interface 
mode 
only. 


32·8it Serial Mode 


In the 
serial 
mode 
(SER/PAR 
= high) 
all 1sHank 
registers 


are loaded 
with 
data, 
making 
it unnecessary 
to specify 
an 
output 
address 
(A2,A 
1,AO). The 
input 
data 
format 
is 03- 


DO, starting 
with 
OUTO 
and 
ending 
with 
OUT? 
for 32 total 


bits. 
Only 
codes 
0000 
through 
1010 
are valid. 
Code 
1010 


disables 
a buffer, 
while 
code 
1001 
enables 
it. After 
data 
is shifted 
into 
the 
32-bit 
1st-rank 
register, 
it is transferred 


to the 
2nd 
rank 
by the 
LATCH 
line. 


03·00 
FUNCTION 


OOOOtoOlll 
Connect 
the selected 
buffer to the input 
channel 
selected 
by 03-00. 


Connect 
the input of the selected 
buffer to 
1000 
GNO. 
Note, if the buffer output 
remains 
on, 


its output 
is its offset voltage. 


Turn on the selected 
buffer and connect 
its 


1001 
input to GNO. 
Use this code to turn on 


buffers 
after power is applied. 
The default 
power-up 
state is all buffers 
disabled. 


Shut off the selected 
buffer at the specified 


1010 
channel, 
and erase data stored 
in the 2nd 


rank of registers. 
The 2nd rank now holds the 
command 
word 
1010. 


Do not use these codes 
in the serial- 


1011 to 1111 
interface 
mode. 
They inhibit the latching 
of 
the 2nd-rank 
registers, 
which 
prevents 
proper 


loading 
of data. 


MAX456 
MAX456 
DIP 
PLCC 
NAME 
FUNCTION 
PIN# 
PIN# 


- 
1 
N.C. 
No Connect 


1 
2 
01/SEROUT 
Parallel 
Data Bit 01 
when SER/PAR = OV. 
When SER/PAR = 5V, 
this pin is a Serial 
Output 
for cascading 
multiple 
parts. 


2 
3 
OO/SER IN 
Parallel Data Bit DO 
when SER/PAR = OV. 
A Ser.@!lnput 
when 
SER/PAR = 5V. 


3 
4 
A2 
Output-Buffer 
Address 


Line 


4 
5 
Al 
Output-Buffer 
Address 


Line 


5 
6 
INO 
1-of-8 Video Input Lines 


6 
1 
AO 
Output-Buffer 
Address 


Line 


1 
8 
INl 
1-of-8 Video 
Input Lines 


B x B Video Crosspoint Switch 


MAX456 
MAX456 
DIP 
PLCC 
NAME 
FUNCTION 
PIN# 
PIN# 


8 
9 
LOAD 
LOAD is an asynchronous 


, 
control 
line. 
When LOAD; 
1, 
all the 400Q internal 
active 
loads are on. When LOAD; 
0, 


external400Q 
loads must be 
used. 
The buffers 
MUST 


have a resistive 
load to 
maintain 
stability. 


9 
10 
IN2 
1-of-8 Video 
Input Lines 


10,12 
11,14 
DGND 
1-of-2 Digital Ground 
Pins. 


Both DGND 
pins must have 
the same potential 
and be 
bypassed 
to AGND. 
DGND 


should 
be within ±0.3V of 
AGND. 


- 
12 
N.C. 
No Connect 


11 
13 
IN3 
1-of-8 Video 
Input Lines 


13 
15 
IN4 
1-of-8 Video 
Input Lines 


14 
16 
EDGE/ 
When this control 
line is high, 


LEVEL 
the 2nd-rank 
registers 
are 
loaded 
with the rising edge of 
the LATCH 
line 
If the line is 
low, the 2nd-rank 
registers 
are transparent, 
passing 
data 
directly 
from the 1st-rank 
registers 
to the decoders. 


15 
17 
IN5 
1-of-8 Video 
Input Lines 


16,26,40 
18,29,44 
V+ 
All V+ pins must be tied to 
each other and bypassed 
to 
AGND separately (See Figure 2). 


17 
19 
IN6 
1-of-8 Video 
Input Lines 


18 
20 
SER/ 
5V ; Serial 32Bit 
PAR 
OV; 
7-Bit Parallel 


19 
21 
IN7 
1-of-8 Video 
Input Lines 


20,34 
22,38 
V- 
Both V- pins must be tied to 
each other and bypassed 
to 
AGND separately (See Figure 2). 


- 
23 
N.C. 
No Connect 


21 
24 
WR 
WRITE. 
In the serial mode, 
WR shifts da~n. 
In the par- 


allel mode, 
WR loads data 
into the 1st-rank registers. 
Data 
is latched on the rising edge. 


MAX456 
MAX456 
DIP 
PLCC 
NAME 
FUNCTION 


PIN# 
PIN# 


22 
25 
LATCH 
If EDGE/LEVEL; 
5V, data 
latches 
from the 1st-rank 
registers 
to the 2nd-rank 
registers 
on the rising edge. 


If EDGE/LEVEL; 
OV, data is 


latched while the LATCH; 
OV 


23 
26 
CE 
Chip Enable. 
When CE ; OV 


and CE ; 5V, the WR line is 
enabled. 


24 
27 
CE 
Chip Enable. 
When CE ; OV 
and CE ; 5V, the WR line is 
enabled. 


25 
28 
OUT? 
Output 
Buffer 7 (Note 1) 


27 
30 
OUT6 
Output 
Buffer 6 (Note 1) 


28,30,32 
31,33,36 
AGND 
Analog 
Ground 
must be at 
OOV since the gain resistors 
of the buffers 
are tied to these 


3 pins. 


29 
32 
OUT5 
Output 
Buffer 5 (Note 
1) 


- 
34 
N.C. 
No Connect 


31 
35 
OUT4 
Output 
Buffer 4 (Note 
1) 


33 
37 
OUT3 
Output 
Buffer 3 (Note 
1) 


35 
39 
OUT2 
Output 
Buffer 2 (Note 
1) 


36 
40 
03 
Parallel Data Bit 03 when 
SER/pAR 
; OV. When 03 ; 


OV, 00-02 
specifies 
the input 
channel 
to be connected 
to 
buffer. 
When 03; 
5V, then 
00-02 
specify 
control 
codes. 
03 is not used when 
SER/pAR 
; 5V. 


37 
41 
oun 
Output 
Buffer 
1 (Note 
1) 


38 
42 
02 
Parallel Data Bit 02 when 
SER/PAR ; OV 
Not used 
when the SER/pAR 
; 5V. 


39 
43 
OUTO 
Output Buffer 0 (Note 1) 


Note 1: 
Buffer inputs are internally 
grounded 
with a 1000 or 1001 
command 
from the 03-00 
lines. 
AGND 
must be at OOV since the 
gain-setting 
resistors 
of the buffers 
are internally 
tied to AGND. 


8 x 8 Video Crosspoint Switch 


~AXI~ 


8x8 
SWITCH 
MATRIX 


1-0F-8 OUTPUT 


BUFFERS 


~r-OUTO 


~~r-/ 
- 
I' 
~ 
[ 14°OQ 


,,,,,i 


LOAD 


,,, 
, 
,,,, 


'--~ 
- i/r 
OUT? 
~~-- 


= 
i400Q 


LATCH = 


EDGE/LEVEL 


WR 
CE 
cr 


V. 
v- AGND DGND 
i i i i 


B x B Video Crosspoint Switch 


CD 
Table 3. Input/Output 
Line Configurations 
an 


~i 


SERIAU 
03 
02 
01 
DO 
A2-AO 
COMMENT 
PARALLEL 


H 
X 
X 
Serial 
Serial 
X 
32-Bit Serial Mode 
Output 
Input 


L 
H 
Parallel 
Parallel 
Parallel 
Parallel 
00-02 
~ Control 
Code 
Input 
Input 
Input 
Mode 


L 
L 
Parallel 
Parallel 
Parallel 
Parallel 
00-02 
~ Input Address 
Input 
Input 
Input 
Mode 


Typical Application 


Figure 2 shows a typical 
application 
of the MAX456 with 
MAX457 (dual) amplifiers at the outputs to drive 75Q loads. 
This application 
shows 
the MAX456 
digital-switch 
con- 
trol interface 
set up in the 7-bit parallel 
mode. 
Each of 
the MAX456 output 
buffers 
drives 
a MAX457 with a gain 
of 2. The MAX456 
uses 7 data lines and 2 control 
lines 
(WR and LATCH). Two additional 
lines may be needed 
to 
control 
CE and LOAD when using multiple 
MAX456s. 


The input/output 
information 
is presented 
to the chip at 
A2-AO and 03-00 
by a parallel 
printer 
port. The data is 
stored 
in the 1sHank 
registers 
on the rising edge of WR. 
When the LATCH line goes high, the switch configuration 
is loaded 
into the 2nd-rank 
registers, 
and all 8 outputs 


enter the new configuration 
at the same time. Each 7-bit 
data word 
updates 
only one output 
buffer 
at a time. 
If 
several buffers are to be updated, 
the data is individually 


loaded 
into the 1st-rank registers. 
Then, a single LATCH 
pulse is used to reconfigure 
all channels 
simultaneously. 


The short Basic program 
in Figure 3 loads programming 
data into the MAX456 from any IBM PC or compatible. 
It 
uses 
the 
computer's 
"LPT1" output 
to 
interface 
to the 
circuit, 
then 
automatically 
finds 
the address 
for LPT1 
and displays 
a table 
of valid 
input 
values 
to be used. 


The 
program 
does 
not 
keep 
track 
of previous 
com- 
mands, 
but it does 
display 
the last data sent to LPn, 


which 
is written 
and latched 
with each transmission. 


INO 
oUTO 
39 


7 
IN1 
oUTl 
9 
11 
IN2 
oUT2 
8-INPUT 
13 
IN3 
oUT3 
VIDEO 
IN4 
oUT4 
CHANNELS 
lS 
INS 
.A'lAXIAI'I 


17 
OUTS 
IN6 
MAX456 
oUT6 
19 
IN7 
oUTl 
CE 
EoGEA.EVtL 


LATCH 
lOAD 


\VA 
V+ 


V+ 
+SV 


DO/SER IN 


D11SEROUT 
D2 


D3 


AD 


A1 
A2 


AGND 


DGND 


V- 


V- 
cr 


SER/PAR 


V+ 


Figure 2. 
Typical Application 


8-28 
_ 


8 x 8 Video Crosspoint Switch 


10 
REM MAX456st 
rev. 
4/26/90 
: 
CLS 


20 
OIM VALU(5,5): 
COL=17 : 
RO=5 


30 
OEF SEG=&HO 
: 
AOORESS=(PEEK(&H409)*256)+(PEEK(&H408» 


40 
LOCATE RO'4,COL'2 
PRINT"MAX456 
8 X 8 
CROSSPOINT SWITCH" 


50 
LOCATE R0+8,COL-12 
PRINT" 
Input 
and 
control 
codes:" 


60 
LOCATE R0+10,COl-16 
PRINT "0 
to 
7 = Val id 
chamel 
and buffer 
input 
values" 


70 
LOCATE R0+11,COl-12 
PRINT" 
8 = Specify 
Buffer 
input 
to 
comeet 
to 
ground" 


80 
LOCATE R0+12,COL-12 
PRINT "11 
= Shut 
off 
specified 
Buffer 
output" 


90 
LOCATE R0+13,COL-12 
PRINT "12 
= Turn 
on specified 
Buffer 
output" 


100 
LOCATERO+14,COL·12 
PRINT "13 
Shut 
off 
all 
Buffer 
outputs" 


110 LOCATE R0+15,COL-12 
PRINT "14 
Turn 
on all 
Buffer 
outputs" 


120 LOCATE R0+16,COL-12 
PRINT" 
E 
End Program" 


130 LOCATE RO+O,COL+21 
PRINT" 


140 LOCATE RO-1,COL+5 
PRINT "Input 
Channel 
or 
" 


150 LOCATE RO+O,COL+5 
INPUT "Control 
Code? 
",CHS 
REM 00-03 


160 CH=VAL(RIGHTS(CHS,2» 
: 
IF 
CH<O OR CH>15 OR CH=9 OR CH=10 THEN 130 


170 
IF 
RIGHTS(CHS, 1)="E" 
OR RIGHTS(CHS,1)="e" 
THEN ENO 


180 LOCATE R0+1,COL+5 
INPUT "Buffer 
Output? 
",AMS 
: 
REM AO-A2 


190 LOCATE R0+1,COL+21 
PRINT" 


200 AM=VAl(RIGHTS(AMS,1» 
: 
IF 
AM<O OR AM>7 THEN 180 


210 
LOCATE R0+3,COL+5 
PRINT 
IIClJTPUT 
VALUES" 


220 
LOCATE R0+4,COl+5 
PRINT 
"0ATA::::II;CH 
:LOCATE R0+4,COl+15 
:PRINTII 
BUF=";AM 


230 OUT AOORESS,(AM*16)+CH: 
REM DATA OUT 


240 OUT AOORESS+2,1 
REM I/Rite 
low 
0625-1 


250 OUT AOORESS+2,2 
REM Latch 
low 
OB25-14 
and I/R hi 
0625-1 


260 OUT AOORESS+2,0 
REM take 
Latch 
hi 


270 
GOTO 130 


~g:~ZZX:~ 
V_A_L1_D_D_AT_A 
~XZZ 


WR-------r 


~R j 


, 


I 
I 
..- 
10 -., 


8 x 8 Video Crosspoint Switch 


LATCH 


FIRST-RANK REGISTER DATA 


SECOND-RANK REGISTER DATA 


( EDGE/LEVEL = Low) 


SECOND-RANK REGISTER DATA 


(EDGE/ltvIT 
= High) 


DATA N! 


I 
DATA N: 


j DATAN+1i 


I DATAN+1 i 
=1__ 
D_AT_A_N-_1 
DA_TA_N 
DA_T_A_N+_1 
__ 


: DATA N+2 
1== 


u- 
__________ 
el~D 


__________ 
~~AVALID 


B x B Video Crosspoint Switch 


Dynamic Test Circuits 
E 


INO 
OUTO 
Your 
~ 
INl 
oun 
Your 
en 
IN2 
OUT2 
Your 
G) 
A4AX1A4 
IN3 
MAX456 
OUT3 
Your 


IN4 
OUT4 
Your 


INS 
OUTS 
Your 


IN6 
OUT6 
Your 


IN7 
OUT7 
Your 


LOAD 
+SV 


"--' 


VIN= 2Vp-p@SMHz 
Rs=7Sil 


IN2 
DUT2 


IN3A4AX1A4 OUT3 


IN4 
MAX456 
OUT4 


INS 
OUTS 


IN6 
OUT6 


IN7 
OUT? 


LOAD 
+SV 


IN2 
OUT2 


.Ali"IAXI.A4 


IN3 
MAX456 
OUT3 


IN4 
OUT4 


INS 
OUTS 


IN2 
OUT2 


A4AXlA4 


IN3 
MAX456 
Dun 


IN4 
OUT4 


INS 
OUTS 


Note 1. 
Connect 
LOAD (pin 8) to +5V (internal 
400n 
loads on at all outputs). 
Note 2. 
Program 
anyone 
input to connect 
to anyone 
output 
(see Table 
1 or 2 for programming 
codes). 
Note 3. 
Turn on buffer at the selected 
output 
(see Table 
1 or 2). 
Note 4. 
Drive the selected 
input with VIN, and measure 
VOUT at the -3dB frequency 
at the selected 
output. 


Note 5. 
Program 
each numbered 
input to connect 
to the same numbered 
output 
(INO to aUTO, 
IN1 to OUT1, etc. See Table 
1 or 2 for 
programming 
codes). 
Note 6. 
Turn off all output 
buffers 
(see Table 
1 or 2). 


Note 7, 
Drive all inputs with VIN and measure 
VOUT at any output. 


Note 8. 
Isolation 
(in dB) = 2010g 10 (VoUTNIN). 


Note 9. 
Turn on all output 
buffers 
(see Table 
1 or 2). 


Note 10. 
Drive anyone 
input with VIN and measure 
VOUT at any undriven 
output. 


Note 11. 
Crosstalk 
(in dB) = 2010g10 (VoUTNIN). 
Note 12. 
Drive all but one input with VIN and measure 
VOUT at the undriven 
output. 
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8x 8 Video Crosspoint Switch 


AD 
7 


IN1 
8 


LOAD 
9 


IN2 


OGND 
11 


N.C. 


IN3 


DGND 


IN4 


EOGEAEVEL 


INS 


.."".AXI.."". 
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>- 
~ 
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u 
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35 
=> 
co 
~ 


PLCC 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX4S6EPL 
-40'C 
to 
+8S'C 
40 Plastic 
DIP 


MAX4S6EJL 
-40'C 
to 
+8S'C 
40CERDIP 


MAX4S6EQH 
-40'C 
to 
+8S'C 
44 PLCC 


32BITnBIT 
IN6 
SER/PAR 
IN7 


v- 


WR 
LATCH~ 
CE 
OUT7 


INO 
A1 
A2 
OO/SER 
IN 


D1/SER 
OUT 


V+ 
0.167" 
.:::'",,~r 
~~T: 


D/A Converters 


D/A Converters, Tables and ProductTrees 
9-1 
MAXS01 
Voltage Output, 12-Bit Multiplying DAC with 8 + 4 Interface 
9-S 
MAXS02 
Voltage Output, 12-Bit Multiplying DAC with 12-Bit Interface 
9-S 
MAXSOS 
CMOS +SVQuad 8-Bit D/A Converters with Rail-to-RailOutputs 
9-17 
MAXS06 
CMOS +SVQuad 8-Bit D/A Converters with Rail-to-RailOutputs 
9-17 
MAXS07 
Voltage Output, 12-Bit DAC with Internal Reference and 12-Bit Interface 
9-33 
MAXS08 
Voltage Output, 12-Bit DAC with Internal Reference and 8 + 4 Interface 
9-33 
MAXS14 
Quad-CMOS 12-Bit Serial Input Multiplying D/A Converter 
9-45 
MAXS16 
Quad, DAC-Programmed CMOS Comparator 
3-35 
MAX526 
CMOS Quad 12-Bit Voltage Output D/A Converter 
9-S3 
MAX527 
±5V, Quad, 12-Bit Voltage-Output DAC 
9-53 
MAXS28 
Octal, 8-Bit, Serial DAC with Output Buffers 
9-69 
MAXS29 
+SV,Octal, 8-Bit Serial DAC with Output Buffers 
9-69 
MAXS32 
Complete, Dual, 12-Bit, Serial-Input, Voltage-Output MDAC 
9-8S* 


Single D/A Converters 


Settling 
Data-Bus 
Supply 
Prlcet 


Part 
Resolution 
Output 
DACsin 
Time 
Interface 
Voltage3 
1000-up 
Number 
(Bits) 
Typel 
Package 
Reference2 
(flS) 
(Bits) 
(V) 
Features 
($) 


MAX7624 
8 
I 
1 
MDAC 
0.25 
ilP/8 
+12/+15 
Improved 
MX7524 
2.26 


MX7224 
8 
V 
1 
Ext 
5.0 
ilP/8 
+12/+15 
&-5 
Single or dual supplies 
3.16 


MX7523 
8 
I 
1 
MDAC 
0.15 
Logic 
+15 
Low-cost 
8-bit DAC 
2.60 


MX7524 
8 
I 
1 
MDAC 
0.4 
ilP/8 
+5/+15 
Low-cost 
8-bit DAC 
2.52 


MX7520 
10 
I 
1 
MDAC 
0.5 
Logic 
+15 
Low-cost 
lO-bit DAC 
2.80 


MX7530 
10 
I 
1 
MDAC 
0.5 
Logic 
+15 
Low-cost 
iO-bit DAC 
2.80 


MX7533 
10 
I 
1 
MDAC 
0.6 
Logic 
+15 
Low-cost 
lO-bit DAC 
2.84 


MAX501 
12 
V 
1 
MDAC 
5.0 
ilP/8+4 
±12/±15 
4-quadrant 
multiplying 
DAC 
5.65 


MAX502 
12 
V 
1 
MDAC 
5.0 
ilP/12 
±12/±15 
4-quadrant 
multiplying 
DAC 
5.65 


MAX507 
12 
V 
1 
Int 
10.0 
ilP /12 
±15/±12 
Complete 
12-bit DAC with reference 
7.65 


MAX508 
12 
V 
1 
Int 
10.0 
ilP/8+4 
±15/±12 
Complete 
12-bit DAC with reference 
7.65 


MAX543 
12 
I 
1 
MDAC 
1.0 
Serial 
+5/+12/+15 
12-bit multiplying 
DAC in 8-pin DIP 
6.80 


MAX7645 
12 
I 
1 
MDAC 
1.0 
ilP/12 
+15 
Improved 
MX7545 
5.60 


'f' 
MX566A 
12 
I 
1 
Ext 
0.35 
Logic 
-15 
No built-in 
reference 
tt 
.- 
MX565A 
12 
I 
1 
Int 
0.25 
Logic 
+15 & -15 
With +lOV buried-zener 
reference 
tt 


MX7245 
12 
V 
1 
Int 
10.0 
ilP/12 
±15, +12/+15 
Single or dual supplies 
with reference 
8.33 


MX7248 
12 
V 
1 
Int 
10.0 
ilP/8+4 
±15, +12/ +15 
8-bit interface 
MX7245 
8.33 


MX7521 
12 
I 
1 
MDAC 
0.5 
Logic 
+15 
Low-cost 
12-bit DAC 
5.00 


MX7531 
12 
1 
1 
MDAC 
0.5 
Logic 
+15 
Low-cost 
12-bit DAC 
5.08 


MX7541 
12 
I 
1 
MDAC 
1.0 
Logic 
+15 
12-bit data bus 
5.07 


MX7541A 
12 
I 
1 
MDAC 
0.6 
Logic 
+15 
12-bit data bus 
5.72 


MX7542 
12 
I 
1 
MDAC 
2.0 
4-bitilP 
+5 
4-bit data bus with latches 
7.52 


MX7543 
12 
I 
1 
MDAC 
2.0 
Serial 
+5 
Serial interface 
7.52 


MX7545 
12 
I 
1 
MDAC 
2.0 
ilP/12 
+5/+15 
12-bit data bus with latches 
5.00 


MX7545A 
12 
I 
1 
MDAC 
1.0 
ilP/12 
+5/+15 
Improved 
MX7545 
6.03 


MX7548 
12 
I 
1 
MDAC 
1.0 
ilP/8 
+5/+12/+15 
8-bit data bus with latches 
6.06 


MX7845 
12 
V 
1 
MDAC 
5.0 
ilP/12 
±15 
4-range 
4-quadrant 
multiplying 
DAC 
6.26 


MX7534 
14 
I 
1 
MDAC 
1.5 
ilP/8 
+12/+15 
Double-buffered 
inputs 
13.37 


MX7535 
14 
I 
1 
MDAC 
1.5 
ilP/8/14 
+12/+15 
Double-buffered 
inputs 
15.00 


MX7536 
14 
I 
1 
MDAC 
1.5 
ilP/8/14 
+12/+15 
No external 
resistors 
needed 
14.66 


MX7538 
14 
I 
1 
MDAC 
1.5 
ilP/14 
+12/+15 
Low-cost 
14-bit DAC 
8.88 


V = voltage, 
I = current 
MDAC = 4-quadrant 
multiplying 
capability, 
Int = internal 
reference, 
Ext = external 
reference 


"/" indicates 
"to" and "," indicates 
"or" 
t 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 
tt Future product 
- contact 
factory 
for pricing 
and availability.I 


Multiple D/A Converters 


Settling 
Data-Bua 
Supply 
Prlcet 


Parl 
Resolution 
Output 
DACaln 
Time 
Interface 
Voltege3 
1000-up 
Number 
(Blta) 
Type1 
Package 
Reference2 
(fl8) 
(Blta) 
(V) 
Featurea 
($) 


DUAL 


MX7528 
8 
I 
2 
MDAC 
0.18 
1l!'/8 
+5/+15 
Data latches for both DACs 
3.79 


MX7628 
8 
I 
2 
MDAC 
035 
1l!'/8 
+12/+15 
Data latches for both DACs 
3.80 


MAXS32 
12 
V 
2 
MDAC 
4.0 
Serial 
±12/±15 
16-pin DIP ISO 
tt 


MX7537 
12 
I 
2 
MDAC 
1.5 
1l!'/8 
+12/+15 
Dual DAC with 8-bit data bus 
1123 


MX7547 
12 
I 
2 
MDAC 
1.5 
1l!'/12 
+12/+15 
Dual DAC with 12-bit data bus 
11.40 


MX7549 
12 
I 
2 
MDAC 
1.5 
1l!'/4 
+15 
Dual DAC with 4-bit data bus 
12.97 


QUAD 


MAXSOO 
8 
V 
4 
Ext 
4.0 
Serial 
+12/+15&-5 
Single or dual supplies 
5.70 


'P 
MAXS05 
8 
V 
4 
MDAC 
6.0 
1l!'/8 
+5/±5 
Double-buffered 
logic, separate 
reference 
inputs 
6.95 
". 
MAXS06 
8 
V 
4 
MDAC 
6.0 
1l!'/8 
+5/±5 
Single-buffered 
logic, single reference 
input 
6.10 
MX722S 
8 
V 
4 
Ext 
4.0 
1l!'/8 
+12/+15&-5 
Double buffered 
14.14 
MX7226 
8 
V 
4 
Ext 
4.0 
1l!'/8 
+12/+15&-5 
Single buffered 
11.80 


MAXS14 
12 
I 
4 
MDAC 
1.0 
Serial 
+5/+15 
Quad current-output 
DACs, available in DIP ISO 
15.79 


MAXS26 
12 
V 
4 
Ext 
3.0 
1l!'/8+4 
+12/+15&:-5 
Quad voltage-output 
DACs, available in DIP ISO 
21.60 


MAXS27 
12 
V 
4 
Ext 
3.0 
J.1I'/8+4 
±5 
±5V venion 
of MAXS26 
21.60 


OCTAL 


MAXS28 
8 
V 
8 
Ext 
5.0 
Serial 
+5/+15, +15 &:-5, +5 &:-15 
Il!'-selected buffered 
and unbuffered 
output 
6.90 


MAXS29 
8 
V 
8 
Ext 
5.0 
Serial 
+5 
Single +5V supply 
MAXS28 
5.6S 


Mxn28 
8 
V 
8 
Ext 
5.0 
lJ,P/8 
+5/+15 &:-5, +15 
Single or dual supplies 
24.57 


V = voltage, I = current 
MDAC = 4-quadrant 
multiplying 
capability, 
Int = internal 
reference, 
Ext = external reference 
-/" indicates 
"to" and "," indicates 
"or" 


t 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange rates. 
tt Future product- 
contact factory for pricing and availability. 


Serial D/A Converters 


Output 
Settling 
Data-Bus 
Supply 
Pricel 


Part 
Resolution 
Current 
DACs in 
Time 
Interface 
Voltage3 
100o-up 
Number 
(Bits) 
Voltage' 
Package 
Reference2 
(f's) 
(Bits) 
(V) 
Features 
($) 


MAXSOO 
8 
V 
4 
Ext 
4.0 
Serial 
+12/+15&-5 
Single or dual supplies 
5.70 


MAX528 
8 
V 
8 
Ext 
5.0 
Serial 
+5/+15, 
+15& -5, +5 & -15 
f'P-selected 
buffered 
and unbuffered 
output 
6.90 


MAX529 
8 
V 
8 
Ext 
5.0 
Serial 
+5 
Single +5V supply 
MAX528 
5.65 


MAX514 
12 
I 
4 
MDAC 
1.0 
Serial 
+5 
Quad current-output 
DACs, available 
in DIP ISO 
15.79 


MAX532 
12 
V 
2 
MDAC 
4.0 
Serial 
±12/±15 
16-pin DIP ISO 
II 


MAX543 
12 
I 
1 
MDAC 
1.0 
Serial 
+5/+12/+15 
8-pin AD7543 replacement 
6.80 


MX7543 
12 
I 
1 
MDAC 
2.0 
Serial 
+5 
Serial interface 
7.52 


V = voltage, 
I = current 
MDAC = 4-quadrant 
multiplying 
capability, 
Int = internal 
reference, 
Ext = external 
reference 
"/" indicates 
"to" and "," indicates 
"or" 
I 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 


tt Future product- 
contact factory for pricing 
and availability.I 


MX7520 


MX7530 


MX7533 


MAX501 (MDAC) 
* MAX502 
(MDAC) 
* MAX507 (ref) 
* MAX508 
(ref) 
* MAX526 
(quad) 
* MAX527 
(quad) 


MX7245 
(ref) 


MX7248 
(ref) 


MX7845 
(MDAC) 


* MAX505 (quad) 
* MAX506 (quad 


MX7224 


MX7225(quad) 


MX7226 (quad) 


MX7228 


MAXSOO(quad) 
* MAX528 
(octal) 
* MAX529 
(octal) 
* MAX514 (quad) 


MAX543 
(8-pin) 


MX7543 


MAX7624 


MX7523 


MX7524 


MX7528 (dual) 


MX7628 (dual) 


MAX7645 


MX565A (ref) 


MX566A 


MX7521 


MX7531 


MX7541 


MX7541A 


MX7542 


MX7545 


MX7545A 


MX7537 (dual) 


MX7547 (dual) 


MX7548 


MX7549 (dual) 


MX7534 


MX7535 


MX7536 


MX7538 


~~I~JXI~~I 


Voltage-Output, 12-8it Multiplying 
DACs 


_______ 
General Description 


The 
MAX501/MAX502 
are 12-bit, 
4-quadrant, 
voltage- 


output, 
multiplying 
digital-to-analog 
converters 
(DACs) 


with 
an 
output 
amplifier. 
Thin-film 
resistors, 
laser 


trimmed 
at the wafer 
level, maintain 
accuracy 
over the 


full operating 
temperature 
range. 


The 
MAX501/MAX502 
have buffered 
latches 
that 
are 


easily 
interfaced 
with 
microprocessors. 
Data is trans- 


ferred 
into 
the input 
register 
in either 
a right-justified 


8+4-bit format 
(MAX501) 
or with a 12-bit-wide 
data path 


(MAX502).ln 
the MAX501, an LDAC signal transfers 
data 


from the input register to the DAC register. In the MAX502, 
the 
input 
re9l§!ers 
are 
controlled 
by 
standard 


CHIP SELECT 
(CS) and WRITE...fr\IR) signals. 
For stand- 


alone 
operation, 
the CS and WR inputs 
are grounded, 
making 
all latches 
transparent. 
All logic inputs are level 


triggered 
and compatible 
with TTL and +5V CMOS logic 


levels. 


The 
internally 
compensated, 
low-input 
offset-voltage 


output 
amplifier 
provides 
an output 
voltage from +10V to 


-10V while sourcing 
and sinking 
up to 5mA. 


Digital 
Attenuators 


Programmable-Gain 
Amplifiers 


Servo Controls 


Digital 
to 4mA-to-20mA 
Converters 


Automatic 
Test Equipment 


Programmable 
Power Supplies 


voo 
20 


RA 
RB 
RC 
RFB 


21 
22 
23 
24 


.....• 
~I .....• 
JXI .....• 
~1 


/~I /J X I /~I 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


• 
12-Bit Voltage 
Output 
DAC 


• 
±10V and SmA Output 
Drive 


• 
Monotonic 
Over Temperature 


• 
Four Range-Scaling 
Resistors 


• 
8+4 (MAXS01) 
and 12-Bit (MAXS02) 
Interface 


• 
24-Pin 
DIP and Wide SO Packages 


PART 
TEMP. RANGE 
PIN· 
ERROR 


PACKAGE 
(LSBs) 


MAX501ACNG 
O°C to +70°C 
24 Narrow Plastic DIP 
±1I2 


MAX501BCNG 
O°C to +70°C 
24 Narrow Plastic DIP 
±3/4 


MAX501ACWG 
O°C to +70°C 
24 Wide SO 
±1/2 


MAX501BCWG 
O°C to +70°C 
24 Wide SO 
±3/4 


MAX501BC/D 
O°C to +70°C 
Dice' 
±3/4 


MAX501AENG 
-40° C to +85° C 
24 Narrow Plastic DIP 
±1I2 


MAX501BENG 
-40° C to +85° C 
24 Narrow Plastic DIP 
±3/4 


MAX501AEWG 
-40° C to +85° C 
24 Wide SO 
±1I2 


MAX501BEWG 
-40°C to +85°C 
24 Wide SO 
±3/4 


MAX501AMRG 
-55°C 
to +125°C 
24 Narrow CERDlp·' 
±1I2 


MAX501 BMRG -55°C 
to +125°C 
24 Narrow CERDIP" 
±3/4 


Ordering Inlonnatlon continued on last page. 
, 
Contact tactory for dice specifications. 
•• 
Contact factory for availability and processing to MfL-STD-883. 


Vour 


Dl1 
Dl0 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


DGND 


RFB 


RC 
RB 
RA 


Voo 


Vss 


AGND 


VREF 
Cs 


WR 
DO 


Dl 


Voltage-Output, 12-8it Multiplying 
DACs 


Voo to DGND 
•••.••.••••.••••.•••••••. 
-0.3V, +17V 


Vss to DGND 
•••••...•.•.••.•••••.•••• 
+0.3V, -17V 


VREF to AGND 
••.•.••••••••.•..•••••.••••• 
±25V 


RFB to AGND 
•••••.•.••••.•..•.•.••••••••.• 
±25V 


RA to AGND 
••••••.•.•.•.••.••.•.••••••••• 
±25V 


RB to AGND 
••••••••.•.•.••.••.••...••••.. 
±25V 


RC to AGND 
••.•••••••••••••.•.•••.•.•.••. 
±25V 


VOUT to AGND 
(Note 
1) 
.••.•.•..•. 
Voo 
+0.3V, Vss -0.3V 


Voo to AGND 
••••••••...•.•.• 
,........ 
-0.3V, +17V 


AGND 
to DGND 
.••••••••••••••••••.•.•. 
-0.3V, Voo 


Digital 
Input 
Voltage 
to DGND 
•••••••••••••• 
-0.3V, Voo 


Continuous 
Power 
Dissipation 
(any package) 


to +75°C 
•••.••.•••••••••••••••••••.••• 
650mW 


derate 
above +75°C 
•••••••••••••••••••• 
10mW/oC 


Operating 
Temperature 
Ranges: 


MAX501_C_, 
MAX502_C_ 
••.•.••••••• 
O°C to +70°C 


MAX501_E_, 
MAX502_E_ 
.•••••••••. 
-40°C 
to +85°C 


MAX501_M_, 
MAX502_M_ 
•.••••.•• 
-55°C 
to +125°C 


Storage 
Temperature 
Range 
••••••••••• 
-65° C to +150° C 


Lead Temperature 
(soldering, 
10 see) 
•..••.••••• 
+300°C 


Stresses beyond those under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


Dual Supply 
(Voo = +11.4V to +15.75V, Vss = -11.4V to -15.75V, VREF = +10V, AGND = DGND = OV, RL = 2kO, CL = 100pF, all grades, 


TA = TMIN to TMAX, unless 
otherwise 
noted.) 
(Note 2) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC PERFORMANCE 


Resolution 
N 
12 
Bits 


MAX501/502A 
±112 
TA = +25°C 
MAX501l502B 
±3/4 


Relative 
Accuracy 
INL 
LSB 


MAX501l502A 
±3/4 
TA = TMIN to TMAX 


MAXS01/S02B 
±1 


Differential 
Nonlinearity 
DNL 
±1 
LSB 


TA = +2SoC 
±1 


Zero-Code 
Offset 
Error 
MAXS01l502_ C/E 
±2 
mV 


TA = TMIN to TMAX 


MAXSOllS02 
M 
±3 


Offset 
Temperature 
Coefficient 
llVos! 
±5 
pVloC 
llTemp 


RFB, VOUT connected 
±3 


Gain 
Error 
RC or RB connected 
to VOUT, 
±4'h 
LSB 
VREF = SV 


RA, VOUT connected, 
VREF = 2.5V 
±6 


Gain Temperature 
Coefficient 
llGain/ 
±1 
ppm/oC 
llTemp 


Reference 
Input 
Resistance 
RFB 
8 
12 
16 
kO 


Application 
Resistor 
RA to RB to RC match 
O.S 
% 
Ratio Matching 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 
=- 


Dual Supply 
(Voo 
= +11.4V to +15.75V, vss 
= -11.4V to -15.75V, VREF = +10V, AGND 
= DGND 
= OV, RL = 2kO, CL = 100pF, all grades, 
~ 
TA = TMIN to TMAX, unless otherwise 
noted.) 
(Note 2) 
•• 


~()•• 


~ 
~ 


~ 


~ 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 


TA = +25°C 
±1 


Input 
Current 
IIN 
VIN = OV and Voo 
TA=TMINtoTMAX 
±10 


pA 


Input 
Low Voltage 
VIL 
0.8 
V 


Input 
High Voltage 
VIH 
2.4 
V 


Input 
Capacitance 
CIN 
7 
pF 


POWER 
SUPPLIES 


Voo 
11.40 
15.75 


Supply 
Voltage 
V 


Vss 
-11.40 
-15.75 


100 
VOUT unloaded 
10 


Supply 
Current 
mA 


Iss 
VOUT unloaded 
4 


VREF = -10V 


ll.Gain/ll.Voo 
Voo 
= 15V ± 5% 


±0.02 


VREF = -8.9V 


Power-Supply 
Rejection 
PSR 
Voo 
= 12V± 
5% 


%/% 


VREF = 10V 


ll.Gain/ll.Vss 
VSS = -15V ± 5% 


±0.02 
VREF = 8.9V 
Vss = -12V ± 5% 


DYNAMIC 
PERFORMANCE 
(Note 3) 


Output-Voltage 
Settling 
Time 
ts 
To ±0.01 % of full scale 
5 
j1S 


Slew Rate 
SR 
5 
Vlj1S 


DAC Glitch 
Impulse 
Major 
carry 
transition 
450 
nV-s 


MUltiplying 
Feedthrough 
Error 
VREF = ±10V 
at 10kHz, 
DAC = all Os 
5 
mVp_p 


Unity-Gain 
Small-Signal 
3 
MHz 
Bandwidth 


Full-Power 
Bandwidth 
250 
kHz 


Total Harmonic 
Distortion 
THO 
VREF = 6VRMS at 1kHz 
-90 
dB 


OUTPUT 
CHARACTERISTICS 


Open-Loop 
Gain 
Avo 
RFB not connected, 
VOUT = ±10V, RL = 2kO 
90 
dB 


Output 
Resistance 
Ro 
0.2 
0 


Short-Circuit 
Current 
TA = +25°C 
20 
mA 


0.1Hz to 10Hz, TA = +25° C 
2 
pVRMS 
Output 
Noise Voltage 


f = 1kHz, TA = +25°C 
nVlv'HZ 
25 
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TIMING 
CHARACTERISTICS 
(See Figures 1a, 1b) 


Dual Supply 
(Voo = +11.4V to +15.75V. Vss = -11.4V to -15.75V. VREF = +10V. AGND = DGND 
= OV. Rl = 2kO. Cl = 100pF. all grades. 


TA = TMIN to TMAX. unless otherwise 
noted.) 
(Note 
2) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX501 


Chip 
Select 
to Write-Setup 
Time 
tcs 
0 
ns 


TA = +25°C 
55 
Write Pulse Width 
tWR 
ns 


TA = TMIN to TMAX 
70 


MAX501_C/E 
50 
Data-Setup 
Time 
tos 
ns 


MAX501_M 
60 


Data-Hold 
Time 
tOH 
10 
0 
ns 


LDAC Pulse Width 
tLDAC 
70 
ns 


CLR Pulse Width 
tClR 
70 
ns 


SET Pulse Width 
tSET 
200 
ns 


MAX502 


Chip 
Select 
to Write-Setup 
Time 
tcs 
0 
ns 


TA = +25°C 
40 


Write Pulse Width 
tWR 
I MAX502_ C/E 
50 
ns 
TA = TMIN to TMAX 
I MAX502_M 
60 


MAX502 
C/E 
50 
Data-Setup 
Time 
tos 
ns 
MAX502_M 
60 


Data-Hold 
Time 
tOH 
10 
0 
ns 


Note 2: VOUT must be less than Voo - 2.5V and greater than Vss + 2.5V to ensure correct 
operation. 
Performance 
at supplies 
other than 


Voo = +15V and Vss = -15V is guaranteed 
by PSRR tests. 
Note 3: 
Dynamic 
Performance 
and Output 
Characteristics 
are included 
for design 
guidance 
and are not subject 
to test. 
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VOUT 
(FEEDTHROUGH) 
5mVlDIV 


Typical Operating 
Characteristics E 


OUTPUT WIJJ\GE 
SWING 
vs. RESISTIVE 
l.lJAO 


~ 
28 


24 
Q 


20 
••••• 


~ 
16 
~ 


~ 
g 12 
> 
• 


8 


4 
~ 


10 
100 
lk 
10k 


~ 
LOAO RESISTANCE (0) 


THO vs. FREQUENCY 


Voo = +15V 
vss = -15V 


-25 
VREF = 6VRMS 
DAC CODE: 11 .. 
. 111 


GAIN =-1 


~ 
-50 


a:I: 
f- 


-75 


-100 


100 
lk 
10k 
lOOk 


FREQUENCY (Hz) 


MUUlPIYING 
FEEOTHROUGH 
-- 


ERROR vs. FREQUENCY 


200 


Voo = +15V 


J 160 


Vss = -15V 
VREF = 20Vp-p 
.s 
DAG CODE: 00 . .. 000 


~ 
120 
GAIN = 0 


=>a 
a:: 
:I: 
80 
f-a 
UJ 
UJ~ 
40 
g 
> 


0 


100 
lk 
10k 
lOOk 
1M 


FREQUENCY (Hz) 


9-9 


FREQUENCY 
RESPONSE, 


GAIN =-1 


o 


co -8 
"C 
;; 
-16 
« 
'" 
-24 


PHASE" 


"- 


GAIN '" 
'\ 
\ 


Voo = +15V 
\ 
Vss = -15V 
VREF = 20Vp_p 
, 


DAG CODE: 11 .. 
. 111 


+180 en 


UJ 
+90 
~ 
'" 
Oe 


-90 ~ 
:I: 


-180 
"- 


100 
lk 
10k 
lOOk 
1M 
10M 


FREQUENCY 
(Hz) 


~ 
300 
~ 
~ 


~ 
200 
a 
--'« 
a:: 


&3 
100 
"-(/) 


UJ 
(/)o 
:z 


Voo = +15V 
Vss = -15V 
VREF = OV 
DAG CODE: 11 ... 
111 


GAIN =-1 


10 
100 
lk 
10k 
lOOk 


FREQUENCY (Hz) 


MUUlPLYING 
FEEOTHROUGH 
ERROR 


VREF 
5V1DIV 
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C" 
""-I 


DATA ------1.- 
~ATAVALID 
)K_. 
_ 


NOTES: 
1. 
All input signal rise and fall times measured from 10% to 90% of +5V, tR = tF = 2Ons. 


. 
. 
. 
VIH + Vil 
2. 
Timing measurement reference level IS -2- 
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PIN 
NAME 
FUNCTION 


1 
VOUT 
Voltage 
Output 


2 
LDAC 
Asynchronous 
Load DAC Input 
is 
active 
low 


3 
SET 
Sets DAC register 
to all 1s 


4 
CLR 
Sets DAC register 
to all Os 


5-8 
D7-D4 
Data Bits 7 to 4 


9 
D3/D11 
Data Bit 3 or 11 


10 
D2/D10 
Data Bit 2 or 10 


11 
D1ID9 
Data Bit 1 or 9 


12 
DGND 
Digital 
Ground 


13 
DO/D8 
Data Bit 0 or 8 (LSB) 


14 
CSLSB 
LSB Chip-Select 
Input 
is active 
low 


15 
WR 
Write 
Input 
is active 
low 


16 
CSMSB 
MSB Chip-Select 
Input 
is active 
low 


17 
VREF 
Reference 
Input 
to DAC 


18 
AGND 
Analog 
Ground 


19 
Vss 
-12V to -15V Supply 
Voltage 
Input 


20 
Voo 
+12V to +15V Supply 
Voltage 
Input 


21 
RA 
Scaling 
Resistor: 
RA - 4RFB 


22 
RB 
Scaling 
Resistor: 
RB - 2RFB 


23 
RC 
Scaling 
Resistor: 
RC = 2RFB 


24 
RFB 
Feedback 
Resistor 


PIN 
NAME 
FUNCTION 


1 
VOUT 
Voltage 
Output 


2-11 
D11-D2 
Data Bits 2 to 11 (MSB) 


12 
DGND 
Digital 
Ground 


13,14 
D1, DO 
Data Bits 0 to 1 (LSB) 


15 
WR 
Write 
Input 
is active 
low 


16 
CS 
Chip-Select 
Input 
is active 
low 


17 
VREF 
Reference 
Input 
to DAC 


18 
AGND 
Analog 
Ground 


19 
Vss 
-12V to -15V Supply 
Voltage 
Input 


20 
Voo 
+12V to +15V Supply 
Voltage 
Input 


21 
RA 
Scaling 
Resistor: 
RA - 4RFB 


22 
RB 
Scaling 
Resistor: 
RB - 2RFB 


23 
RC 
Scaling 
Resistor: 
RC - 2RFB 


24 
RFB 
Feedback 
Resistor 


_______ 
Detailed Description 


Digital Circuit 


Figures 2a and 2b are simplified 
circuit 
diagrams 
of the 
MAX501 
and 
MAX502 
input 
control 
logic. 
For 
the 
MAX501, a low on CSLSB 
and WR with CSMSB 
high 
loads the least significant 
bit (LSB) byte into the input 
register. 
The LSB byte is then 
latch~nto 
the input 
register on the risin~of 
either a WR or a CSLSB. 
Similarly, 
a low on CSMSB and WR with CSLSB 
high 


loads the most significant 
bit (MSB) nibble into the input 
register. The MSB nibble is then latched 
into the input 
register on the rising edge of either a WR or a CSMSB 
pulse. With all 12 bits loaded, a low on LDAC transfers 
the dataJ2Jhe 
DAC register. For the MAX502, a low on 
CS and WR transfers 
the data on the input registers to 
the DAC latch. 
Both 
parts' digital 
inputs 
are TTL and 
CMOS compatible, 
providing 
easy microprocessor 
(PP) 
interfacing. 
Tables 1 and 2 are MAX501 and MAX502 
truth tables. 


WR 
CSMSB 
CSLSB 
LDAC 
CLR 
SET 
OPERATION 


X 
X 
X 
X 
X 
0 
DAC Register 
overridden 
by 1's 
Input 
Register 
unaffected 


X 
X 
X 
X 
0 
1 
DAC Register 
overridden 
by O's 
Input 
Register 
unaffected 


0 
0 
1 
1 
1 
1 
Load 
MSB nibble 
into Input 
Register 


0 
1 
0 
1 
1 
1 
Load 
LSB byte into 
Input 
Register 


X 
X 
X 
0 
1 
1 
Transfer 
Input 
Register 
to DAC Register 


1 
X 
X 
1 
1 
1 
No Operation 


0 
1 
1 
1 
1 
1 
No Operation 


0 
R 
1 
1 
1 
1 
Latching 
MSB nibble 
into Input 
Register 


R 
0 
1 
1 
1 
1 
Latching 
MSB nibble 
into Input 
Register 


0 
1 
R 
1 
1 
1 
Latching 
LSB byte into 
Input 
Register 


R 
1 
0 
1 
1 
1 
Latching 
LSB byte into Input 
Register 


WR 
CS 
OPERATION 


H 
X 
No Operation 


X 
H 
No Operation 


L 
L 
Input 
Register 
is Transparent 


L 
R 
Input 
Register 
is Latched 


R 
L 
Input 
Register 
is Latched 
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CSLSB 


LOAC 


SET 


CLR 


Digital-to-Analog 
Converter 


The MAX501/MAX502 
have a 12-bit, binary-weighted, 


current-output 
OAC with standard R-2R ladder (Figure 


3). Binarily 
weighted 
currents 
are switched 
between 


AGNO and the inverting 
input 
of the internal 
output 


amplifier. 
The output 
amplifier, 
typically 
connected 
to 


the feedback 
resistor RFB. converts the output current 


to a voltage. With RFB connected 
to VOUT, 


VOUT = -0 
x VREF. 


where 0 is the fractional 
expression 
of the digital input 


code 
divided 
by full 
scale. 
0 
can 
vary 
from 
0 to 


4095/4096 in unipolar 
mode. 


0;1 
(MSB) 


I 
I 
I 
00 
(LSB) 


Figure 3. MAX501/MAX502 
Simplified 
DAC and Amplifier 
Circuit 


/vl/J XI/vi ------- 
9-13 
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Output-Buffer 
Amplifier 


The output 
amplifier 
is an internally 
compensated, 
non- 
inverting, 
gain-scalable 
amplifier 
that can develop 
±10V 
across 
a 2kO load. Maximum 
settling 
time 
is less than 
51JS(to within 
0.01% FSR). Input 
offset 
voltage 
is laser 
trimmed 
at the wafer 
level. Slew rate is typically 
7V1jls. 
The gain-setting 
resistors 
(RA, RB, and RC) connect 
to 
the amplifier 
inverting 
terminal. 


Unipolar Configuration 


Figure 
4, a typical 
configuration 
for the 
MAX501l502, 


provides 
for unipolar-bipolar 
operation 
or two-quadrant 
multiplication 
when VIN is an AC signal. 
R1 adjusts 
gain 
and R3 adjusts 
zero offset. 
For fixed-reference 
applica- 
tions, trim the reference 
voltage and omit R1 and R2. If R1 
and R2 are included, you musttake 
into accounttheir 
gain- 
temperature 
coefficient. 
The typical 
gain-temperature 
coefficient 
of the 
MAX502 
is 1ppm/o C, which 
corres- 
ponds to a gain shift of 'hLSB over a +100° C temperature 
range. 
Table 
3 
is 
the 
code 
table 
for 
unipolar- 
binary 
operation. 


V,N 
Voo 
R3 
vss 


lOOk 


R1 


2000 


17 


VREF 


R4 
10k 


20 
23 
19 


Voo 
RC 
Vss 


Figure 4. Unipolar-Binary 
Operation 
(2-Quadrant 
Multiplication) 


Table 3. MAX501/MAX502 
Unipolar-Binary 
Code Table 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


1111 
1111 
1111 
V 
4095 
(- IN)4096 


1000 
0000 
0000 
(-VIN)2048 = -~ V,N 
4096 
2 


0000 
0000 
1 
0001 
(-V,N)4096 


0000 
0000 
0000 
OV 


Bipolar Operation 


Figure 
5 shows 
a 4-quadrant, 
bipolar 
operation. 
Gain 
error 
may be adjusted 
by changing 
the R1 and R2 ratio. 
These resistors 
should 
be ratio-matched 
to 0.01% to stay 
within 
gain-error 
specifications 
and 
to 
eliminate 
trimming. 
The offset 
value 
is defined 
by matching 
the 
RB and RC internal 
resistors. 
Table 4 is the code table for 
bipolar-binary 
operation. 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


1111 
1111 
1111 
(+V,N) 2047 
2048 


1 
1000 
0000 
0001 
(+V,N) 2048 


1000 
0000 
0000 
OV 


0111 
1 
1111 
1111 
(-VIN) 2048 


0000 
2048 
0000 
0000 
(-V,N)2048 = V,N- 
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_____ 
Applications Information 


Noise 


AC ortransient 
voltages between AGND and DGND can 


cause noise 
injection 
into the analog 
output. 
Tie the 


MAX502 AGND to DGND to ensure both pins are at the 
same potential. 
If these ground pins connect to separate 


backplanes, 
use two back-to-back 
diodes to tie the pins 


together. 
Also, 
decouple 
VOO and VSS to AGND, 
as 


pP-based 
systems 
generally 
have noisy 
grounds 
that 


couple into the power supplies. 


Digital Glitches 


Any digital 
word written 
into the DAC causes a glitch 


impulse. This impulse couples 
across the stray capaci- 


tance of the DAC switches 
to the output 
bus. A glitch 


impulse on this bus is converted to a voltage by RFB and 
the output amplifier. The output voltage glitch energy is 
the product 
of its duration 
and its average magnitude 


(the 
net area under 
the curve), 
and 
is expressed 
in 


(nV)(s). The energy is measured with VREF connected 
to analog 
ground 
and 
the 
DAC 
register 
alternately 


loaded with all Os and a111s. 


Digital Feedthrough 


Most of the MAX501/MAX502's 
digital inputs are directly 


connected 
to the pP bus. These inputs are constantly 


changing, 
even when the DAC is not selected. 
High- 


frequency 
logic 
activity 
on 
the 
data 
bus 
can 
feed 


through 
the DAC package capacitance 
as noise on the 


DAC output. 
Figure 6 shows an interface that minimizes 


digital feedthrough. 
All data inputs are latched from the 


busy 
by CS. Alternatively, 
using 
peripheral 
interface 


devices reduces digital feedthrough. 


WR 


00-011 


Figure 6. MAX5021nterface 
Circuit 
- 
Latches 
Minimize 
Digital 
Feedthrough 


MAX502 
Microprocessor Interlacing 


16-8it Microprocessor 
Systems 


Figures 
7-9 
show 
the 
MAX502 
interfaced 
with 
the 


MC68000, the 8086, and the TMS32010. The MAX502 
appears 
as a memory-mapped 
peripheral 
to the pro- 


cessors. 
In each 
case, a write 
instruction 
loads the 


MAX502 
with 
the 
appropriate 
data. 
The 
particular 


instructions 
used are as follows: 


MC68000: 
8086: 
TMS32010: 


MOVE 
MOV 
OUT 


MC68000 


AS 


OTACK 


R/W 
YOS 


00-015 


Voltage-Output, 12-8it Multiplying DACs 


Figure 
9. MAX502 
to TMS32010 
Interface 


MAX501 
Microprocessor Interfacing 


8-Bit Microprocessor 
Systems 


Figure 
10 shows 
an interface 
circuit 
for the MAX501 to 


the 8085A 8-bit pP. The software 
routine 
to load data to 


the device 
is given 
in Table 3. Note that transferring 
12 


data bits requires 
two write operations. 
The first of these 


loads the 4 MSBs into the 7475 latch. The second 
write 


operation 
loads the 8 LSBs plus the 4 MSBs (which 
are 


held by the latch) 
into the DAC. 


ALE 


8085A18088 


/ •••• 
I/J X 1/••••• 


WR 
MAX501 


Your 
LDAC 
SET 
CLR 
07 


06 


05 
04 


031011 


021010 


01109 
OGNO 


PART 
TEMP. RANGE 
PIN- 
ERROR 
PACKAGE 
(LSBs) 


MAX5D2ACNG 
DOCto +7DoC 
24 Narrow Plastic DIP 
1/2 


MAX5D2BCNG 
DOCto +7DoC 
24 Narrow Plastic DIP 
3/4 


MAX5D2ACWG 
DOCto +7DoC 
24 Wide SO 
1/2 


MAX5D2BCWG 
DOCto +7DoC 
24 Wide SO 
3/4 


MAX5D2BC/D 
DOCto +7DoC 
Dice' 
3/4 


MAX5D2AENG 
-4DoC to +85°C 
24 Narrow Plastic DIP 
1/2 


MAX5D2BENG 
-4DoC to +85°C 
24 Narrow Plastic DIP 
3/4 


MAX5D2AEWG 
-4DoC to +85°C 
24 Wide SO 
1/2 


MAX5D2BEWG 
-4Do C to +85° C 
24 Wide SO 
3/4 


MAX5D2AMRG 
-55°C to +125°C 
24 Narrow CERDIP" 
1/2 


MAX5D2BMRG 
-55°C 
to +125°C 
24 Narrow CERDIP" 
3/4 


Maxim 
cannot 
assume 
responsibility 
for use of any circuitry 
other 
than circuitry 
entirely 
embodied 
in a Maxim 
product. 
No circuit 
patent 
licenses 
are implied. 


Maxim 
reserves 
the right to change 
the circuitry 
and specifications 
without 
notice at any time. 


9-16 
/ili/J 
XI/III 


~III~JXI~III 


Quad 8·8it DACs 


with Rail·to·Rail Voltage Outputs 


_______ 
General Description 


The MAXSOS and MAXS06 are CMOS, quad, 8-bit voltage- 
output 
digital-to-analog 
converters 
(DACs). 
The parts 


operate 
with a single 
+SV supply 
or dual ±SV supplies. 


Internal, 
precision 
output 
buffers 
swing 
rail-to-rail. 
The 
reference 
input range includes 
both supply 
rails. 


Offset, gain, and linearity are factory calibrated 
to provide 
1LSB total unadjusted 
error (TUE) over the full operating 


temperature 
range. 


The MAXSOS contains double-buffered 
logic inputs, which 
allow all analog outputs to be simultaneously 
updated using 


the asynchronous 
load DAC (LDAC) 
control signal. 
The 
MAXSOS also has four separate reference 
inputs, allowing 


each DAC's full-scale 
range to be independently 
set. 


The MAX506 has separate input registers for each of its four 
DACs. 
Data is transferred 
to the input registers from a 
common 8-bit input port. The DACs are individually selected 
through address inputs AO and A 1, and updated by bringing 
WR low. All MAXS06 DACs share a common reference input. 


All logic inputs are TIL 
and +SV CMOS compatible. 


__________ 
.Applications 


Minimum 
Component 
Count Analog 
Systems 
Digital Offset/Gain 
Adjustment 
Arbitrary 
Function 
Generators 
Industrial 
Process 
Control 
Automatic 
Test Equipment 
Programmable 
Attenuators 
_______ 
Functional Diagrams 


\VA 
17 


AO 19 


A1 18 


Functional Diagrams continued 
on last a e. 


___________ 
Features 


• 
Operate from Single +sv Supply or Dual ±5V Supplies 


• 
Output 
Buffer Amplifiers 
Swing Rail-to-Rail 


• 
Reference 
Input Range Includes Both Supply Rails 


• 
Factory-Calibrated 
for 1LSB TUE 


• 
Double-Buffered 
Digital Inputs (MAXSOS) 


• 
Microprocessor 
and TTUCMOS 
Compatible 


• 
Require 
No External 
Adjustments 


• 
Pin-Compatible 
Upgrades 
to MX722S/MX7226 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 
TUE 
(LSBs) 


MAX505ACNG 
O'C to +70'C 
24 NarrONPlasticDIP 
±1 


MAX505BCNG 
O'C to +70'C 
24 NaJTCM'PlasticDIP ± 11/2 


MAX505ACWG 
O'C to +70"C 
24 Wide SO 
±1 


MAX505BCWG 
O'C to +70'C 
24 Wide SO 
±11/2 


MAX505BC/D 
O'C to +70'C 
Dice" 
±11/2 


Ordering 
Information 
continued 
on last page. 


• Contact 
factory 
for dice specifications. 
"Contact 
factory 
for availability 
and processing 
to MIL-STO-883. 


VOUTC 


VOUTO 


Voo 
-- 


VREFC 


VREFD 


AO 


\VA 


(MSB)07 
OO(LSB) 


01 


02 


03 


Quad B-Sit DACs 
with Rai,-to-Rai' Vo,tage Outputs 


ABSOLUTE 
MAXIMUM 
RATINGS 


Voo to AGND 
-0.3V, +8V 
Voo to DGND 
, ...........• 
_ . 
. . -0.3V, +6V 
Vss to AGND 
...................•••. 
. .. 
-7V,0.3V 
Vss to DGND 
.. . 
. 
-7V,0.3V 
Voo to Vss 
-0.3V, +12V 
Digital 
Input Voltag'e to DGND 
-o.3V, (Voo + 0.3V) 
VREF. 
(VSS - 0.3V), (Voo 
+ 0.3V) 


VOUT 
(Note 1) . 
. 
Vss, Voo 
Continuous 
Power Dissipation 
(TA = + 70'C) 
MAX505 
Plastic DIP (derate 
13.33mWrC 
above 
+70'C) 
1067mW 


Wide SO (derate 
11.76mWrC 
above 
+70'C) 
. 
941mW 
CERDIP (derate 
12.50mWrC 
above 
+70'C) 
1000mW 


Note 
1: 
The outputs may be shorted to Voo, VSS, or AGND if the package 
power dissipation 
is not exceeded. 
Typical short-circuit 
current to 


AGND 
is 50mA. 


MAX506 


Plastic DIP (derate 
11.11 mwrc 
above 
+ 70'C) 
889mW 
Wide SO (derate 
10.00mWrc 
above 
+70'C) 
80DmW 


CERDIP (derate 
11.11mWrC 
above 
+70'C) 
889mW 
Operating 
Temperature 
Ranges: 
MAX50_C_ 
O'C to +70'C 


MAX50_E_ 
, 
-40'C 
to +85'C 
MAX50_M_ 
-55'C 
to + 125'C 


Storage 
Temperature 
Range 
-65'C 
to + 165'C 


Lead Temperature 
(soldering, 
10 see) 
. 
. +300'C 


Stresses 
beyond 
those listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may 
affect 
device 
reliab;/ily. 


ELECTRICAL 
CHARACTERISTICS 


(Voo 
= +5V ±10%, 
Vss = ov to -5.5V, 
AGND 
= DGND 
= OV, VREF = 4V, RL = 10kO, 
CL = 100pF, 
TA = TMIN to TMAX, unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC 
ACCURACY 


Resolution 
8 
Bits 


VREF = +4V, 
MAX50_A 
±1 
Vss = OV or -5V ±10% 
MAX50_B 
±11/2 
Total Unadjusted 
Error 
TUE 
LSB 
VREF = -4V, 
MAX50_A 
±1 
VSS = -5V ±10% 
MAX50_B 
±11/2 


Differential 
Nonlinearity 
DNL 
Guaranteed 
monotonic 
±1 
LSB 


MAX50_C 
14 


Code = 00 hex, 
MAX50_E 
16 
Vss = OV 


Zero-Code 
Error 
ZCE 


MAX50_M 
20 
mV 
MAX50_C 
±14 
Code = 00 hex, 
MAX50_E 
±16 
Vss = -5V ±10% 


MAX50_M 
±20 


Code = 00 hex 
Zero-Code 
Error Supply 
Rejection 
Voo = 5V±10% 
1 
2 
mV 


Vss = OVor -5V ±10% 


Zero-Code 
Temperature 
Coefficient 
Code = 00 hex 
±10 
Ilvrc 


Full-Scale 
Error 
Code = FF hex 
±14 
mV 


Code = 00 hex 
MAX50_C 
1 
2 


Full-Scale 
Error Supply 
Rejection 
Voo = +5V±10%, 
MAX50_E 
1 
2 
mV 


Vss = OV or -5V ±10% 
MAX50 
M 
10 


Full-Scale-Error 
Temperature 
Code = FF hex 
±10 
Ilvrc 
Coefficient 


Quad 8-8it DACs 


with Rai,-to-Rai' Vo,tage Outputs 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
1C 


(Voo = +5V ±10%, 
Vss = ov to -5.5V, 
AGND 
= DGND 
= OV, VREF = 4V, RL = 10kn, 
CL = 100pF, 
TA = TMIN to TMAX, unless 
..::: 
otherwise 
noted.) 
,.. 


~a 


~ 
E 


~aen 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


REFERENCE 
INPUTS 


Input Voltage 
Range 
VSS 
Voo 
V 


MAX505 
16 
24 
Input Resistance 
(Note 2) 
Code = 55 hex 
kn 
MAX506 
4 
6 


MAX505 
15 
Input Capacitance 
(Note 3) 
Code = 00 hex 
pF 
MAX506 
40 


Channel-to-Channellsolation 
MAX505 
(Note 4) 
-60 
dB 


AC Feedthrough 
MAX505 
(Note 5) 
-70 
dB 


DACOUTPUTS 


Full-Scale 
Output Voltage 
Vss 
VDD 
V 


VREF = 4V, load regulation s 1/4LSB 
2 


VREF = -4V, Vss = -5V ±10%, 
2 
Resistive 
Load 
load regulation s 1/4LSB 
kn 


VREF = Voo MAX50 
CtE load regulation s 1LSB 
10 


VREF = Voo MAX50 
M load regulation s 2LSB 
10 


DIGITAL 
INPUTS 


Logic 
High 
VIH 
2.4 
V 


Logic 
Low 
VIL 
0.8 
V 


Input Current 
Measured 
at VIH and VIL 
±1 
J.lA 


Input Capacitance 
8 
pF 


Input Coding 
Binary 


DYNAMIC 
PERFORMANCE 


MAX50_C 
1.0 


Voltage-Output 
Slew Rate 
Positive and negative 
MAX50_E 
0.7 
V/J.lS 


MAX50_M 
05 


Output 
Settling 
Time 
To ±1/2LSB, 
10kn 
II 100pF load (Note 6) 
6 
J.lS 


Digital Feedthrough 
Code = 00 hex, WR = Voo, all digital 
inputs 
5 
nV-s 
from OV to Voo 


VREF = 4Vp-p 
at 1kHz, Voo = 5V, Vss = -5V, 
-87 
dB 
Signal to (Noise 
+ Distortion) 
Ratio 
code = FF hex 


VREF = 4Vp-p 
at 20kHz, 
VSS = -5V ±10% 
-74 
dB 


Multiplying 
Bandwidth 
VREF = 0.5Vp-p, 
3dB bandwidth 
1 
MHz 


Wide band Amplifier 
Noise 
60 
J.lVRMS 


Quad 8-Bit DACs 
with Rail-to-Rail 
Voltage Outputs 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Voo; 
+5V ±10%, 
Vss 
; 
OV to -5.5V, 
AGND 
; 
DGND 
; 
OV, VREF ; 
4V, RL ; 
10kn, 
CL ; 
100pF, 
TA; 
TMIN to TMAX, unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER 
SUPPLIES 


Positive Supply 
Voltage 
Voo 
For specified 
performance 
4.5 
55 
V 


Negative 
Supply 
Voltage 
Vss 
For specified 
performance 
-5.50 
0 
V 


Outputs 
unloaded, 
all 
MAX50 _C/E 
5 
10 
Positive Supply 
Current 
100 
mA 
digital 
inputs; 
OVor VDD 
MAX50_M 
5 
12 


VSS ; -5V ±10%, outputs 
MAX50_C/E 
5 
10 
Negative 
Supply 
Current 
Iss 
unloaded, 
all digital 
inputs 
mA 
; OVor VOO 
MAX50_M 
5 
12 


SWITCHING 
CHARACTERISTICS 


Address 
to WR Setup 
tAS 
5 
-8 
ns 


Address 
to WR Hold 
tAH 
5 
-4 
ns 


Data to WR Setup 
tos 
45 
35 
ns 


Data to WR Hold 
tOH 
0 
-13 
ns 


WR Pulse Width 
tWR 
40 
20 
ns 


LDAC Pulse Width 
tLC 
40 
20 
ns 


Note 2: 
Input resistance 
is code 
dependent. 
The lowest 
input resistance 
occurs 
at code; 
55 hex. 


Note 3: 
Input capacitance 
is code 
dependent. 
The highest 
input capacitance 
occurs 
at code; 
00 hex 


Note 4: 
VREF; 
10kHz, 4Vp-p. 
Channel-to-channel 
isolation 
is measured 
by setting 
the code of one DAC to FF hex and selling 
the 
code 
of all other DACs to 00 hex. 


Note 5: 
VREF; 
10kHz, 4Vp-p. 
DAC code; 
00 hex. 


Note 6: 
Output 
settling 
time is measured 
by taking 
the code from 00 hex to FF hex, and from FF hex to 00 hex. 


OUTPUT 
SINK CURRENT 
vs. (VOUT-VSS) 


12 
11 
10 


9 
8 
7 
6 


5 
4 
3 
2 
1 
o 
o 
.1 .23 
.4 .5 .6 .7 .89 
101.11.2 


VOUT-VSS(V) 


,/ 


1/ 
/ 


/ 
VOD= VREF = +5V _ 
Vss= GND = OV 
1/ 
ALL DIGITAL 
- 


IN~UTHiJ 
~EX I- 


I 
I I I 


<::::. ~ 
~ ~ 


"""" ~ 
IDe 
:::::: 


Iss 


VOD= +5.5V 
Vss = -5.5V 
- 
VREF = ·4.75 
ALL DIGITAL 
- 


I~PUTr=i5V 
o 
-60 -40 -20 0 
20 40 60 80 100120140 


TEMPERATURE (·C) 


o 
·5 ·4 ·3 -2 -1 
0 
1 
2 


VREF VOLTAGE (V) 


Quad 8-8it DACs 
with Rail-to-Rail 
Voltage Outputs 


THD + NOISE AT DAC OUTPUT 
vs. REFERENCE FREQUENCY 
AND AMPLITUDE 


-40 


-45 


-50 


iD -55 


~ 
-60 


V) 
~ 
-65 


~ 
-70 
;= -75 


-80 


-85 


-90 


0.0 
1.0 2.030 
4.0 5.0 
6.07.0 
8.0 
9.0 
10 


REFERENCEAMPLITUDE (Vp-p) 


~ 
-10 
~ 
::>eois 
-20 
~ 
> 


~ 
-30 


IIII 
I IIII 
I 


vod~~sv 


III 


Vss=AGND 
TA=+2S"C 
VREF= 2.SVDC + 
O.OSV-p SINEWAVE 


10k 
lOOk 
1M 


FREQUENCY(Hz) 


;;;: -15 
.§. 


§ -10 


4.2 
4.4 
46 
4.8 
5.0 


VOUT(V) 


THD + NOISE AT DAC OUTPUT 
vs" REFERENCE FREQUENCY 
REFERENCE VOLTAGE INPUT 


AND AMPLITUDE 
FREQUENCY RESPONSE 
~ 
In 
III1 
1III 


vod ~ +SV 
Vss=AGND 
TA=+2S"C 
VREF = 2.SVDC + 
\ 


o.svp- 
SINEWAVE 
•• 
0.1% 
~ 
6 
:z 
+o 
;= 


~ 
-40 


~ 
-50 
6 
:z 
+ -60 
o 
:r: 
~ 
-70 


1% 
- 
~-10 
~ ~ 
~ 
::> 
~ ~ 
:z 
5 -20 
0.1% 
+ 
~ 


~ 
~g -30 


10k 
lOOk 
1M 


FREQUENCY(Hz) 


100 
lk 
10k 
100k 


REFERENCEFREQUENCY(Hz) 


E -10 
~is -20 
~ 
~ 
~ 
-30 


IIII 
I IIII 


t- 
Voo= +SV 


III 


Vss= +SV 
t- 
TA=+2S"C 
VREF = 2.SVDC + 
\ 
t- 
4Vp-p SINEWAVE 


\ 


ZERO-CODE ERROR 


vs. NEGATIVE SUPPLY VOLTAGE 
50 


4.8 


'> 4.6 
.§. 


cc 
4.4 
~ 
4.2 
~ 
00 
40 
u 
~ 
3.8 


3.6 


'I 
J 


"- 
~~~F:~V- 


\ 


TA=+2S"C 
_ 


1\\..... 
l,.....- 


10k 
lOOk 
1M 


FREQUENCY(Hz) 


3.4 
o 
-1 
-2 
-3 
-4 
-5 
-6 


Vss(V) 


DIGITAL FEEDTHROUGH- 
GLITCH IMPULSE (0 TO 1 


DIGITAL TRANSITION) 


A = DIGITAL INPUTS, SV/div 
B = VOUTA,10mV/div 
TIMEBASE= lllS 


o TO 1 DIGITAL TRANSITION ON 
ALL DATA BITS (WITH WRHIGH) 
VREFA = AGND 


DIGITAL FEEDTHROUGH- 
GLITCH IMPULSE (1 TO 0 


DIGITAL TRANSITION) 


A= DIGITAL INPUTS, SV/div 
B = VOUTA.10mV/div 
T1MEBASE= lllS 


1 TO 0 DIGITAL TRANSlllilN 
ON 


ALL DATA BITS (WITH WR HIGH) 
VREFA=AGND 


Quad B-Bit DACs 
with Rai,-to-Rai' Vo,tage Outputs 


A = VREFA, 10Vp-p 
B = VOUTA,SOIlVidiv, UNLOAOED 
TIMEBASE = 1mS/div 
Voo = +sv 
Vss= -sv 
COOE = ALL Os 
LOAD=~ 


POSITIVE SETILING TIME 
(VSS= -5V) 


A = DiGITAL INPUT, SVidiv 
B = VOUTA,2V1div 
TIMEBASE = 11ls 
Voo = +SV 
VREFA = +SV 
ALL BITS OFF TO ALL BITS ON 
RL = 10kn, 
CL = 100pF 


REFERENCE FEEDTHROUGH 
POSITIVE SETILING TIME 


AT 4000Hz 
(VSS= AGND) 


A = VREFA, 10Vp-p 
B = VOUTA,l00IlVidiv, 
UNLOADED 
TIMEBASE = l00IlS/div 
Voo = +SV 
Vss = -SV 
CODE = ALL Os 
LOAD=~ 


NEGATIVE SETILING TIME 
(Vss= 
AGND) 


A = DIGITAL INPUT, SVidiv 
B = VOUTA,2V/div 
TIMEBASE = 11ls 
Voo = +SV 
VREFA = +SV 
ALL BITS ON TO ALL BITS OFF 
RL = 10kn, 
CL= 100pF 


A = DIGITAL INPUT, SVidiv 
B = VOUTA,2V1div 
TIMEBASE = 11ls 
Voo = +SV 
VREFA = +SV 
ALL BITS OFF TO ALL BITS ON 
RL = 10kl1, CL = 100pF 


NEGATIVE SETILING TIME 


(VSS= -5V) 


A = DIGITAL INPUT, SV/div 
B = VOUTA.2V1div 
T1MEBASE = 1llS 
Voo = +SV 
VREFA = +SV 
ALL BITS ON TO ALL BiTS OFF 
RL = 10kn, 
CL = l00pF 


Quad 8-8it DACs 


with Rail-to-Rail 
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PIN 
NAME 
FUNCTION 


MAX505 
MAX506 


1 
1 
VOUTB 
DAC B Output 
Voltage 


2 
2 
VOUTA 
DAC A Output 
Voltage 


3 
3 
Vss 
Negative 
Power Supply 


4 
VREFB 
Reference 
Voltage 
Input for DAC B 


4 
VREF 
Reference 
Voltage 
Input for DAC A to DAC D 


5 
VREFA 
Reference 
Voltage 
Input for DAC A 


6 
5 
AGND 
Analog 
Ground 


7 
6 
DGND 
Digital Ground 


-- 
Load DAC Input (active 
low). 
Driving 
this asynchronous 
input low transfers 
the contents 
of each 
8 
LDAC 
input register 
to its respective 
DAC register. 


9 
7 
D7 
Data Bit 7 (MSB) 


10 
8 
D6 
Data Bit 6 


11 
9 
D5 
Data Bit 5 


12 
10 
D4 
Data Bit4 


13 
11 
D3 
Data Bit 3 


14 
12 
D2 
Data Bit2 


15 
13 
D1 
Data Bit 1 


16 
14 
DO 
Data Bit 0 (LSB) 


17 
15 
WR 
Write Input (active 
low). 
Used to load data into the DAC input register 
selected 
by AO and A 1. 


18 
16 
A1 
DAC Address 
select 
bit (MSB) 


19 
17 
AO 
DAC Address 
select 
bit (LSB) 


20 
VREFD 
Reference 
Voltage 
Input for DAC D 


21 
VREFC 
Reference 
Voltage 
Input for DAC C 


22 
18 
VDD 
Positive Supply 
Voltage 


23 
19 
VOUTD 
DAC D Output 
Voltage 


24 
20 
VOUTC 
DAC C Output Voltage 


Quad B-Bit DACs 
with Rail-to-Rail 
Voltage Outputs 


______ 
Detailed Description 


Digital·to-Analog 
Section 


The MAX505/MAX506 
contain four matched 
voltage-out- 
put DACs. 
The DACs are inverted 
R-2R ladder networks 
that 
convert 
8-bit 
digital 
words 
into equivalent 
analog 
output 
voltages 
in proportion 
to the applied 
reference 
voltage(s). 
Each 
DAC 
in the MAX505 
has a separate 
reference 
input, while all four DACs in the MAX506 share 
a common 
reference 
input. 
Figure 
1 shows a simplified 
functional 
diagram 
of one of the DACs. 


Power Supplies and Reference Input 


The 
MAX505/MAX506 
can 
be 
used 
for 
multiplying 
applications. 
The 
reference 
accepts 
both 
DC and 
AC signals. 
The voltage 
at each 
VREF input 
sets the 
full-scale 
output 
voltage 
for its respective 
DAC. 
The 
VREF input 
impedance 
is code 
dependent, 
with 
the 
lowest 
value 
(16kO 
for the 
MAX505 
and 
4kO for the 
MAX506) 
occuring 
when 
the 
input 
code 
is 55 hex. 
The maximum 
value, 
essentially 
infinity, 
occurs 
when 


the input code 
is 00 hex. 
Since the VREF input imped- 
ance 
is code 
dependent, 
the DACs' 
reference 
sources 
must have a low output 
impedance 
(no more than 320 
for the MAX505 
and 
80 for the MAX506) 
to maintain 
output 
linearity. 
The VREF input 
capacitance 
is also 
code 
dependent: 
15pF 
maximum 
for 
the 
MAX505 
and 
40pF 
maximum 
for the 
MAX506. 


The output voltage 
for any DAC can be represented 
by a 
digitally 
programmable 
voltage 
source 
as: 


VOUT = (NB x VREF) / 256 


where NB is the numeric 
value of the DAC's binary 
input 
code. 


Output Buffer Amplifiers 


All 
MAX505/MAX506 
voltage 
outputs 
are 
internally 
buffered 
by precision 
unity-gain 
followers 
that 
slew 
at 
1V/~s. 
With a OV to +4V (or +4V to OV) output transition, 


the amplifier 
outputs 
will settle to 1/2LSB in typically 
6~s 
when loaded 
with 10kO in parallel with 100pF. 


The buffer amplifiers 
are stable with any combination 
of 
resistive 
loads ~ 2kO and capacitive 
loads ~ 300pF. 


Digital Inputs and Interlace 
Logic 


The digital 
inputs 
are compatible 
with both TIL 
and 5V 
CMOS 
logic. 
However, 
the power-supply 
current 
(IDD) 
depends 
on the 
input 
logic 
levels. 
Supply 
current 
is 
specified 
for CMOS 
input 
levels 
(best 
case). 
Supply 
current 
increases 
by about 
2mA when 
driven 
with TIL 
logic levels. 


Address 
lines AO and A 1 select which DAC receives data 
from the data bus as shown in Table 1. When WR is low, 
the addressed 
DAC's input register is transparent. 
Data is 
latched into the input register on WR's rising edge. 
Figure 
2 shows the MAX505/MAX506 
input control logic. 


The MAX506 
DAC outputs 
represent 
the data 
held 
in 
the four 8-bit 
input 
registers. 
The MAX505 
has dou- 
ble-buffered 
inputs; 
in addition 
to the input 
registers, 


there 
are 
individual 
DAC 
registers 
(see 
Functional 
Diagrams). 


Quad 8-8it DACs 


with Rail-to-Rail 
Voltage Outputs 


~ 
rom 


(MAX505~. ------------. 
MAX505 DAC 
DNLY) 
REGISTERS 


AO 


In the 
MAX505, 
data 
is transferred 
from 
the~ 
registers 
to the 
DAC 
registers 
by pulling 
the LDAC 
control 
input 
low, 
This 
operation 
also 
initiates 
a 
conversion 
in each 
of the 
four 
DACs 
and 
simulta- 


neously 
updates 
all four 
outputs, 
Since 
LDAC 
is 


asynchronous 
with 
respect 
to 
WR, 
be 
sure 
that 
incorrect 
data 
is not 
latched 
to the 
out~ata 
is 
latched 
into 
all four 
DAC 
registers 
on LDAC's 
ris- 


ing 
edge, 
Table 
1a is the 
write-cycle 
truth 
table 
for the 
MAX505, 
Table 
1b is the 
write-cycle 
truth 


table 
for 
the 
MAX506, 
Figure 
3 
shows 
the 
MAX505/MAX506 
write-cycle 
timing. 
If simulta- 


neous 
updating 
is not 
required, 
tie 
LDAC 
low 
to 
keep 
the 
second 
latch 
transparent. 


On power-up, 
all MAX505/MAX506 
registers 
are inter- 


nally preset with all Os. 


Table 1a. MAX505 DAC Addressing 


(partial list) 


-- 
- 


OPERATION 
LDAC 
WR 
A1 
AD 


H 
H 
X 
X 
No operation 


H 
L 
L 
L 
DAC A input register transparent 


H 
R 
L 
L 
DAC A input register latched 


L 
H 
X 
X 
AlI4DAC'sDACregisters transparent 


L 
L 
L 
L 
DACA inputregisterstransparentand 
all4 DAC'sDAC registerstransparent 


R 
H 
X 
X 
All 4 DAC's DAC registers latched 


H 
L 
L 
H 
DAC B input register transparent 


H 
L 
H 
L 
DAC C input register transparent 


H 
L 
H 
H 
DAC 0 input register transparent 


Table 1b. MAX506 DAC Addressing 
(partial list) 


WR 
A1 
AD 
OPERATION 


H 
X 
X 
No operation 


L 
L 
L 
DAC A input register transparent 


R 
L 
L 
DAC A input register latched 


L 
L 
H 
DAC B input register transparent 


L 
H 
L 
DAC C input register transparent 


L 
H 
H 
DAC 0 input register transparent 


Quad 8-8it DACs 
with Rai,-to-Rai' Vo,tage Outputs 


I 
I 
I 
~ 
----. 
I 
+5V 


ADDRESS~, 
ADDRESS VALID 
~_ 
~/';'-~.---------~IfW;0. 
ov 


:-- 
IAS 
IAH --: 


(MAX505 
ONLY) 
+5V 


LDAC 
OV 


+5V 


DATA 


IN 


OV 


NOTES: 
ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V, lr = II = 5ns OVER Voo RANGE. 


TIMING MEASUREMENT REFERENCELEVEL IS 
V,NH+ V,NL 
_ 
_2 
_ 


IF LDAC (MAX505 ONLY) IS ACTIVATED PRIOR TO WR'S RISING EDGE, IT MUST STAY LOW FOR ILO(OR LONGER) AFTER WR GOES HIGH. 


____ 
Applications Information 


Power Supply and 
Reference 
Operating 
Ranges 


The MAX505/MAX506 
are fully specified 
to operate 
with 
VOO = 5V ±5% and VSS = OVto -5.5V. 
8-bit performance 
is guaranteed 
for both single- and dual-supply 
operation. 
The zero-code 
output error is guaranteed 
to be less than 
14mV when operating 
from a single 
+5V supply. 


The DACs work well with reference voltages from VSSto Voo. 


VSS should 
never be more positive 
than either AGND or 
DGND. 
No input should be more positive than Voo. 


Power-Supply 
Bypassing and 
Ground Management 


In single-supply 
operation 
(AGND = DGND = VSS = OV), 
AGND, DGND, and VSS should be connected 
together in a 


'star" ground at the chip. 
This ground should then return to 
the highest quality ground available. Bypass Voo with a 0.1~ 
capacitor, 
located as close to VOOand AGND as possible. 


In dual-supply 
operation, 
where DGND = AGND, VOOand 
VSS should be bypassed 
with 0.111Fcapacitors 
to AGND. 


These capacitors 
should be placed as close to the supply 


pins as possible. 
To minimize 
digital 
noise on AGND, 
DGND and AGND 
should 
have separate 
return paths to 


the highest 
quality ground 
available. 


Careful 
PCB layout 
minimizes 
crosstalk 
between 
DAC 


outputs, 
reference 
inputs, 
and digital 
inputs. 
Figures 
4 


and 5 show suggested 
circuit 
board 
layouts to minimize 


crosstalk. 


SYSTEM GND 


VOUTB 
.} n 
(. 
VOUTC 


VOUTA 
.) 
I 
(. 
VOUTD 


Vss 
.) 
I 


(- 
Voo 


VREFB 
.) 
I 
(. 
VREFC 


VREFA 


~ 


(. 
VREFD 


AGND~ 
0 


0 
0 


MSB0 
o LSB 


0 
0 


0 
0 


0 
0 


0 
0 
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SYSTEMGNO 
E 
n 
VOUTB 
.) 
(. 
VOUTC 
t1 
VOUTA 


VOUTA 
.) I 
I 
(. 
VOUTO 
a 


Vss 
.) 
I 


I 


(- 
Voo 
~ 


VREF 


~ 


0 
VOUTB 
E 


0 
OIGTAlINPUTS 
AGNO ~ 
NOT SHOWN 


MSB0 
o LSB 
VOUTC 
t1 
0 
0 


0 
0 
a 


VOUTO 
G) 


0 
0 


0 
0 


Unipolar Output, 
2·Quadrant Multiplication 


In unipolar 
operation, 
the output 
voltages 
and the refer- 


ence input(s) are the same polarity. 
Figures 6 and 7 show 


the MAX505/MAX506 
unipolar 
configurations. 
If the ref- 


erence inputs are positive, 
both devices 
can be operated 
from 
a single 
supply. 
If dual 
supplies 
are used, 
the 


reference 
input can vary from VSS to Voo. Table 2 is the 
unipolar 
code table. 


Bipolar Output, 
2-Quadrant Multiplication 


Bipolar 
output 
2-quadrant 
multiplication 
is achieved 
by 
offsetting 
AGND positively 
or negatively. 


Offsetting 
AGND 
Positively 
- 
Single 
or Dual Supplies 


AGND can be biased above DGND to provide an arbitrary 
nonzero 
output 
voltage 
for a 0 input code, 
as shown 
in 
Figure 8. The output 
voltage 
at Va UTA is: 


VaUTA = VBIAS + (Ns/256)(VIN), 


where Ns represents 
the digital 
input word. 
Since AGND 


is common 
to all four DACs, all outputs 
will be offset by 
VBIAS in the same manner. 
AGND should not be biased 


more than +1V above 
DGND. 


Quad B-Bit DACs 
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CD 
Table 2. Unipolar Code Table 
o 


~i 


~o 


~i 


DAC CONTENTS 
ANALOG 
OUTPUT 
MSB 
LSB 


1111 
1111 
+VREF 
255 
256 


1000 
0001 
+VREF 
129 
256 


1000 
0000 
+VREF 
128 
VREF 
256 
=+-2- 


0111 
1111 
+VREF 
127 
256 


0000 
0001 
+VREF 
1 


256 


0000 
0000 
OV 


Note: 
·1LSB = (VREF) (2-8)= +VREF (2~6) 


Offsetting 
AGND 
Negatively 
- Dual Supplies 


An alternate 
method 
of generating 
bipolar 
outputs 
uses 
Figure 
9's 
circuits. 
In these 
circuits, 
AGND 
is biased 
negatively 
(up to -2.5V with respect 
to DGND) to provide 


an arbitrary 
negative 
output 
voltage 
for a 0 input code. 


The output 
voltage 
at VOUTA is: 


VOUTA = -(R2/R1) (25V) 
+ 
(NB/256) (2.5V) 
(R2/R1 + 1) 


where NB represents 
the digital input word. 
Since AGND 


is common 
to all four DACs, all outputs 
will be offset by 
VBIAS in the same manner. 
Table 3, with VREF = 2.5V, 


shows 
the digital 
code 
vs. output 
voltage 
for Figure 
9's 


circuits 
with R1 = R2. 


4·Quadrant Multiplication 


Each 
DAC 
output 
may 
be 
configured 
for 
4-quadrant 
multiplication 
using Figure 10's circuit. 
One op amp and 


two resistors 
are required 
per channel. 
With R1 = R2: 


VOUT = VREF [(2)(NB/256) 
-1], 


where NB represents 
the digital word in DAC register 
A. 


Recommended 
values for resistors 
R1 and R2 are 330k 


(±O.1%). 
Table 3 shows the digital 
code vs. output 
volt- 


age for Figure 
10's circuit. 


DAC CONTENTS 
ANALOG 
OUTPUT 


MSB 
LSB 


1111 
1111 
VREF 
127 
128 


1000 
0001 
VREF 
1 
128 


1000 
0000 
OV 


0111 
1111 
-VREF 
1 
128 


0000 
0001 
-VREF 
127 
128 


0000 
0000 
-VREF 
128 =-VREF 
128 


Quad B-Sit DACs 


with Rai,-to-Rai' Vo,tage Outputs 


DIGITAL 
VOUTA 


+5V 
INPUTS NOT 


SHOWN 


VOUTB 


24 


VOUTC 


-5V 
23 
VOUTO 


A4AX1AII 
MAX505 


DIGITAL 
VOUTA 


+5V 
INPUTS NOT 
SHOWN 


VOUTB 


IIf.- 


20 


VOUTC 


-5V 
19 
VOUTO 


A4AX1AII 
MAX506 
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DIGITAL 
INPUTS NOT 
SHOWN 


DIGITAL 
INPUTS NOT 
SHOWN 


ICL7612A 


VOUT 


011lFI 


AGND DR -5V 


O.lIlFI 


AGND DR -5V 


Figure 
lOb. 
MAX506 
Bipolar 
Output 
Circuit 
9·30 
_ 


Quad 8-Sit DACs 


with Rai,-to-Rai' 
Vo,tage Outputs 


1 
.MAXIAI'I 


VOUTB 
MAX506 


VOUTC 
WR 


OO(LSB) 


01 


05 
02 


03 


DIPISO 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 
TUE 
(LSBs) 


MAX505AENG 
-40°C to +85°C 
24 Narrow Aastic DIP 
±1 


MAX505BENG 
-40°C to +85°C 
24 Narrow Aastic DIP ±11/2 


MAX505AEWG 
-40°C to +85°C 
24 Wide SO 
±1 


MAX505BEWG 
-40°C to +85°C 
24 Wide SO 
±11/2 


MAX505AMRG 
-55°C to + 125°C 
24 Narrow CERDIP*" 
±1 


MAX505BMRG 
-55°C to + 125°C 
24 Narrow CERDIP~ 
±11/2 


MAX506ACPP 
O°C to +70°C 
20 Plastic 
DIP 
±1 


MAX506BCPP 
O°C to +70°C 
20 Plastic 
DIP 
+11/2 


MAX506ACWP 
O°C to +70°C 
20 Wide SO 
±1 


MAX506BCWP 
O°C to +70°C 
20Wide 
SO 
±11/2 


MAX506BC/D 
O°C to +70°C 
Dice" 
±11/2 


MAX506AEPP 
-40°C to +85°C 
20 Plastic DIP 
±1 


MAX506BEPP 
-40°C to +85°C 
20 Plastic DIP 
±11/2 


MAX506AEWP 
-40°C to +85°C 
20 Wide SO 
±1 


MAX506BEWP 
_40°C to +85°C 
20 Wide SO 
±11/2 


MAX506AMJP 
-55°C to + 125°C 
20 CERDIP" 
±1 


MAX506BMJP 
-55°C to + 125°C 
20 CERDIP" 
±11/2 


• Contact 
factory 
for dice specifications. 


"Contact 
factory 
for availability 
and processing 
to MIL-STO-883. 
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CD0 


~ 


MAX505 
; 


~ 
VREFB 


0 


~; 


07 (MSB) 


r 


I 


.120" 
VREF 
---- 
(3.048 mm) 
AGNO 


j 


OGNO 


07 (MSB) 


06 


VREFO 


AO 
I 


~ 
/3.048mm) 


WR 


DO (LSB) 


WR 


DO (LSB) 
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Voltage-Output, 12-8it DACs 


with Internal Reference 


_______ 
General Description 


The 
MAX507/MAX508 
are 
complete 
12-bit, 
voltage- 


output 
digital-to-analog 
converters 
(DACs). The DAC 


output voltage and the reference have the same polarity, 
allowing 
single-supply 
operation. 
Both DACs include an 


internal 
buried-zener 
reference. 
Integrating 
a DAC, 
voltage-output 
amplifier, and reference on one monolithic 


device greatly enhances reliability over multi-chip circuits. 


Double-buffered 
logic inputs interface 
easily to micro- 


processors 
(J1Ps). Data 
is transferred 
into 
the 
input 


register either from a 12-bit-wide 
data bus (MAX507) for 


16-bit 
pPs, 
or 
in 
a 
right-justified 
(8+4)-bit 
format 


(MAX508) for 8- or 16-bit pPs. All logic signals are level 
triggered 
and are TTL and CMOS compatible. 
Interface 


timing 
specifications 
insure 
compatibility 
with 
all 


common pPs. 


The DACs are specified 
and tested for both dual- and 


single-supply 
operation. 
Usable 
supplies 
range from 


single +12V to dual ±15V. 


On-board 
gain-setting 
resistors 
allow 
three 
output- 


voltage 
ranges: 
OV to 
+5V and 
OV to 
+10V can 
be 


generated 
when 
using either 
single 
or dual supplies. 


With dual supplies, 
±5V 
is also available. 
The output 


amplifier 
can drive a 2kO load to +10V. 


__________ 
Applicstions 


Digital Offset and Gain Adjustment 


Industrial 
Controls 


Arbitrary 
Function 
Waveform Generators 


Automatic 
Test Equipment 


Automated 
Calibration 


Machine and Motion 
Control 


23 R,a 


24 
VOUT 


cs 18 
_19 
WR 
_20 
LDAC 


• 
12-Bit Voltage Output 


• 
Internal Voltage Reference 


• 
Fast pP Interface 


• 
12 (MAX507) 
and 8+4 (MAX508) 
Data-Bus 
Widths 


• 
Single +12V to Dual ±15V Supply Operation 


• 
20- and 24-Pin DIP and Wide SO Packages 


PART 
TEMP. RANGE 
PIN- 
ERROR 


PACKAGE 
(LSBs) 


MAX507ACNG 
O°C to +70°C 
24 Narrow Plastic DIP 
±112 


MAX507BCNG 
O°C to +70°C 
24 Narrow Plastic DIP 
±3/4 


MAX507ACWG 
O°C to +70°C 
24 Wide SO 
±112 


MAX507BCWG 
O°C to +70°C 
24 Wide SO 
±3/4 


MAX507BC/D 
O°C to +70°C 
Dice< 
±3/4 


MAX507AENG 
-40°C 
to +85°C 
24 Narrow Plastic DIP 
±112 


MAX507BENG 
-40° C to +85° C 
24 Narrow Plastic DIP 
±3/4 


MAX507AEWG 
_40° C to +85° C 
24 Wide SO 
±112 


MAX507BEWG 
-40° C to +85° C 
24 Wide SO 
±3/4 


MAX507AMRG 
-55°C 
to +125°C 
24 Narrow CERDIP« 
±112 


MAX507BMRG 
-55°C 
to +125°C 
24 Narrow CERDIP« 
±3/4 


Vss 
Ro,s 


REFOUT 


AGND 


D11 


Dl0 


D9 


D8 


D7 


D6 


D5 


DGND 


VOUT 
R,a 


VDD 


CLR 


LDAC 


WR 
CS 


DO 


D1 


D2 


D3 


D4 


Voltage-Outputl 12-8it DACs 
with Internal Reference 


Voo 
to AGND 
•.••••••.•.•..••.•••.•••• 
-0.3V, +17V 


Voo 
to DGND 
••••••.•.••••.•••••••••.• 
-0.3V, +17V 


Voo 
to Vss 
••••.•.•.•••••••••••••.••.• 
-0.3V, +34V 


AGND 
to DGND 
••.••..•.•••••.•••.••••• 
-0.3V, Voo 


Digital 
Input 
Voltage 
to GND 
.•..•..••. 
-0.3V, Voo 
+0.3V 


VOUT to AGND 
(Note 
1) •• 
. • • • . . • • • • • • . • • •• 
VSS, Voo 


VOUT to Vss 
(Note 
1) • . • • . • . • • • • • • • • • . • • . •. 
OV, +34V 


VOUT to Voo 
(Note 
1) 
•.•.••••.•••••.•.•.•. 
-34V,OV 
REFOUT 
to AGND 
(Note 
1) 
••.•.•.••.. 
-0.3V, 
Voo 
+0.3V 


Continuous 
Power 
Dissipation 
(any package) 


to +75°C 
••.••..••••.••••••••••••..•..• 
450mW 


derate 
above +75°C 
••••••••••••••••.••.• 
6mW/oC 


Operating 
Temperature 
Ranges: 


MAX507_C_, 
MAX508_C_ 
.••••••••••• 
0°Cto+70°C 


MAX507 _E_, 
MAX508_E_ 
.•••••••••• 
-40° C to +85° C 


MAX507 _M_, 
MAX508_M_ 
.•.•••••• 
-55°C 
to +125°C 


Storage 
Temperature 
Range 
•.••••••••• 
-65°C 
to +150°C 


Lead Temperature 
(soldering, 
10 see) 
•••••••.•.• 
+300° C 


Note 
1: The output 
can be shorted 
to either 
supply 
rail if the package 
power dissipation 
is not exceeded. 
Typical 
short-circuit 
current 


to AGND 
is 25mA. 


Stresses 
beyond 
those 
listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specification 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


Single 
Supply 
(Voo = +11.4V to +15.75V, Vss = AGND = DGND = OV, RL = 2kO, CL = 100pF, REFOUT 
unloaded, 
all grades, 
TA = TMIN to TMAX, unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC 
PERFORMANCE 


Resolution 
N 
12 
Bits 


MAX507/508A 
±1/2 
TA = +25°C 
MAX507/508B 
±3/4 


Relative 
Accuracy 
INL 
LSB 


MAX507/508A 
±3/4 


TA = TMIN to TMAX 


MAX507/508B 
±1 


Differential 
Nonlinearity 
DNL 
±1 
LSB 


TA = +25°C 
±3 
Unipolar 
Offset 
Error 
LSB 


TA = TMIN to TMAX 
±5 


DAC Gain 
Error 
±2 
LSB 


TA = +25°C 
±0.2 


Full-Scale 
Output 
Voltage 
Error 
Voo = +12V or +15V 
%FSR 


TA = TMIN to TMAX 
±0.6 


TA = +25°C 
±0.12 
Full-Scale 
Output 
Voltage 
Change 
Voo 
over full 
range 
%FSRN 


TA = TMIN to TMAX 
±0.2 


MAX507/508_C/E 
±30 
ppm 
Full-Scale 
Tempco 
MAX507/508_M 
±40 
FSR/oC 


Unipolar 
Offset 
Error 
Change 
Voo = +12V ± 5% or +15V ± 5% 
±1 
mV 


Voltage-Output, 12-8it DACs 


with Internal Reference 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


Single 
Supply 
(Voo 
= +11.4V to +15.75V, Vss = AGND 
= DGND 
= OV, RL = 2kO, CL = 100pF, REFOUT 
unloaded, 
all grades, 
TA = TMINto 
TMAX, unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


REFERENCE 


Reference 
Output 
Voo = +12V or +15V 
TA = +25°C 
4.99 
5.01 
V 


Voo = +12V ± 5% or 
TA = +25°C 
2 
Reference 
Voltage 
Change 
mVN 
+15V±5% 
TA = TMIN to TMAX 
6 


Reference 
Temperature 
MAX507/508 
C/E 
±30 


Coefficient 
MAX507/508_M 
±40 
ppm/oC 


Reference 
Load Sensitivity 
ILOAD = OpA to 100pA 
±1 
mV 


ANALOG 
OUTPUT 


Ranges 
(Note 
2) 
Oto 5 
V 


Oto 
10 


Output 
Range 
Resistors 
15 
30 
kO 


DC Output 
Impedance 
0.5 
0 


Short-Circuit 
Current 
40 
mA 


DYNAMIC 
PERFORMANCE 
(Note 3) 


Voltage-Output 
Slew Rate 
2 
Vips 


VOUT Settling 
Time 
To ±112 LSB for full-scale 
change 
5 
J1S 


Digital 
Feedthrough 
10 
nV-s 


Digtal-to-Analog 
Glitch 
Impulse 
Major 
carry 
transition 
30 
nV-s 


Output 
Load Resistance 
(Note 2) 
VOUT = OV to +10V 
2 
kO 


POWER 
SUPPLIES 


Voo 
Range 
For specified 
performance 
11.4 
15.75 
V 


TA = +25°C 
9 
100 
Outputs 
unloaded 
mA 


TA = TMIN to TMAX 
12 


IIo,rage-output, 
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ELECTRICAL 
CHARACTERISTICS 


Dual Supply 
(Voo = +ll.4V 
to +15.75V, Vss = -ll.4V 
to -15.75V, DGND 
= AGND = OV,RL = 2kO, CL = 100pF, REFOUT 
unloaded, 
all grades, 


TA = TMIN to TMAX, unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC PERFORMANCE 


Resolution 
N 
12 
Bits 


MAX507/508A 
±1/2 
TA = +25°C 
MAX507/508B 
±3/4 
Relative 
Accuracy 
INl 
lSB 
MAX507/508A 
±3/4 
TA=TMINtoTMAX 
MAX507/508B 
±1 


Differential 
Nonlinearity 
DNl 
±1 
lSB 


TA = +25°C 
±2 
MAX507/508A 
TA = TMIN to TMAX 
±4 
Bipolar 
Zero 
Offset 
Error 
BZOE 
lSB 
TA=+25°C 
±3 
MAX507/508B 
TA = TMIN to TMAX 
±5 


DAC Gain 
Error 
±2 
lSB 


Voo 
= +15V, 
TA = +25°C 
±0.2 


Vss = -15V 
TA = TMIN to TMAX 
±0.6 
Full-Scale 
Output 
Voltage 
Error 
%FSR 
Voo 
= +12V, 
TA=+25°C 
±0.2 


Vss = -12V 
TA = TMIN to TMAX 
±0.6 


Voo 
= +12V ± 5% or 


+15V ± 5% 
TA = +25°C 
±0.12 


Full-Scale 
Output 
Change 
Vss = -12V or -15V 


with 
Voo 
%FSRN 


TA = TMIN to TMAX 
±0.2 


Full-Scale 
Output 
Change 
Vss 
Vss = -12V ± 5% or -15V ± 5% 
0.01 
%FSRN 
with 
Vss 
Voo 
= +12V or +5V 


MAX507/508 
C/E 
±30 
ppm 
Full-Scale 
Tempco 
MAX507/508_M 
±40 
FSR/oC 


Voo = +12V ± 5% or +15V ± 5% 
±1 
Vss = -12V or -15V 
Bipolar 
Zero 
Offset 
Change 
mV 
Vss = -12V ± 5% or -15V ± 5% 
±1 
Voo 
= +12V or +15V 


REFERENCE 


Reference 
Output 
Voo 
= +12V or +15V 
TA = +25°C 
4.99 
5.01 
V 


Reference 
Output 
Change 
TA = +25°C 
2 
Voo over full range 
mVN 


TA = TMIN to TMAX 
6 


Reference 
Temperature 
MAX507/508 
C/E 
±30 


Coefficient 
MAX507/508 
M 
±40 
ppm/oC 


Reference 
load 
Sensitivity 
ILOAO = 0IlA to 100llA 
±1 
mV 


Voltage-Output, 12-8it DACs 
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ELECTRICAL 
CHARACTERISTICS 
{continued} 
~ 


Dual Supply 
(Voo = +ll.4Vto 
+15.75V, vss = -ll.4Vto 
-15.75V, DGND = AGND = ov. RL = 2kO, CL = 100pF, REFOUT 
unloaded, 
all grades, 
~ 
TA = TMIN to TMAX, unless 
otherwise 
noted.) 
•• 


~Q 


~ 
E 


~Q 
Q) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
OUTPUT 


Ranges 
(Notes 
2, 4) 
o to +5 or +10, 
V 
-5 to +5 


Output 
Range 
Resistors 
15 
30 
kO 


DC Output 
Impedance 
0.5 
0 


Short-Circuit 
Current 
40 
mA 


DYNAMIC 
PERFORMANCE 
(Note 3) 


Voltage-Output 
Slew Rate 
2 
ViliS 


VOUT Settling 
Time 
to ±112 LSB 
5 
liS 


Digital 
Feedthrough 
10 
nV-s 


Digtal-to-Analog 
Glitch 
Impulse 
Major 
carry 
transition 
30 
nV-s 


Output 
Load Resistance 
VOUT = -5V to +10V 
2 
kO 


POWER 
SUPPLIES 


Voo 
Range 
For specified 
performance 
11.4 
15.75 
V 


Vss Range 
For specified 
performance 
-11.4 
-15.75 
V 


TA = +25°C 
9 
IDO 
Outputs 
unloaded 
mA 


TA = TMIN to TMAX 
12 


TA = +25°C 
3 
Iss 
Outputs 
unloaded 
mA 


TA = TMIN to TMAX 
5 


Voltage-Output, 12-8it DACs 
with Internal Reference 


ELECTRICAL 
CHARACTERISTICS 


Single 
or Dual Supply 
(Voo 
= +11.4V to +15.75V, Vss = OV to -15.75V, 
DGND 
= AGND 
= OV, REFOUT 
unloaded, 
RL = 2kO, CL = 100pF, 


all grades, 
TA = TMIN to TMAX, unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
, 


VINH 
2.4 
V 


VINL 
0.8 
V 


TA=+25°C 
±1 
Input 
Current 
tiN 
00-011 
JiA 
TA = TMIN to TMAX 
±10 


CS, WR, LDAC, CLR 
TA = +25°C 
±1 
IINH 
J1A 
TA = TMIN to TMAX 
±10 


CS, WR, LDAC, CLR 
TA = +25°C 
±150 
IINL 
J1A 
TA=TMINtoTMAX 
±200 


Digital 
Input 
Capacitance 
8 
pF 


TIMING 
CHARACTERISTICS 


(All grades, 
TA = TMIN to TMAX, unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CS Pulse Width 
(Note 
5) 
TA = +25°C 
80 
t1 
ns 


TA = TMIN to TMAX 
100 


WR Pulse Width 
TA = +25°C 
80 
t2 
ns 


TA = TMIN to TMAX 
100 


CS to WR Setup 
Time 
(Note 5) 
t3 
0 
ns 


CS to WR Hold Time 
(Note 5) 
1.4 
0 
ns 


Data to WR Setup 
Time 
TA = +25°C 
100 
ts 
ns 
TA = TMIN to TMAX 
110 


Data to WR Hold Time 
t6 
10 
ns 


LDAC 
Pulse Width 
TA = +25°C 
80 
t7 
ns 


TA = TMIN to TMAX 
100 


- 
TA = +25°C 
80 
CLR Pulse Width 
(MAX507) 
t8 
ns 
TA=TMINtoTMAX 
100 


Note 2: VOUT must be less than 
(Voo 
- 2.5V). 


Note 3: 
Dynamic 
performance 
is included 
for design 
guidance, 
not sUbject 
to test. 


Note 4: The OV to +5V or +10V ranges 
can be used with Vss = -5V with 
no degradation. 


Note 5: 
CS = CSLSB 
and CSMSB 
for MAX508. 


Voltage-Output, 12-8it DACs 


with Internal Reference 


_______ 
Detailed Description 


Digital-to-Analog 
Converters 


The MAX507/MAX508 
are 12-bit, voltage-output 
DACs. 
The DAC output 
voltage 
has the same 
polarity 
as the 


reference, 
allowing 
single-supply 
operation. 


The b(lsic DAC circuit 
consists 
of a laser-trimmed, 
thin- 


film, 
R-2R resistor 
array 
with 
NMOS 
voltage 
switches 


(Figure 
1). 


Output-Buffer Amplifier 


The output 
amplifier 
is noninverting 
and configurable 


for a gain of 1 or 2. Three output 
voltage 
ranges can be 


configured 
for: OVto +5V, OVto +10V, and -5V to +5V. The 


output 
amplifier 
can drive 
2kO in parallel 
with 
100pF 


connected 
to GND. 


The MAX507/MAX508 
can operate 
from a single 
supply 


with a OV to +5V or a OV to +10V output 
range 
by tying 


VSS to 
OV. However, 
the 
speed 
and 
current-sinking 


capability 
of the amplifier 
decreases 
as the output 
falls 


within 
O.5V of VSS. Speed and current-sinking 
capability 


can be maintained 
by including 
a negative 
supply. Table 


1 lists the allowable 
single 
and dual supplies 
for each 


range. 


The output amplifier's 
small-signal 
bandwidth 
is tYf:lically 


2MHz. 
Output 
noise 
is approximately 
25nV/JRZ 
at 


1kHz, 
and 
output 
broadband 
noise 
is approximately 


25pVRMS. 


Single Supply 
Dual Supply 
Range 
Voo 
Voo 
Vss 


OV to +5V 
+11.4V to +15.75V 
+11.4V to +15.75V 
-4.5V to -15.75V 


OV to +10V 
+14.25V to +15.75V 
+14.25V to +15.75V 
-4.5V to -15.75V 


-5V to +5V 
+11.4V to +15.75V 
-11.4V to -15.75V 


Voltage-Output, 12-8;t DACs 
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Voltage Reference 


The voltage 
at REFOUT 
is 5V ± 10mV at +25°C. 
The 
reference 
is internally 
connected 
to the 
DAC and 
is 
buffered 
to accommodate 
the DAC's variable impedance. 
This 
buffer 
is capable 
of driving 
the 
DAC, the 
ROFS 
resistor, 
and up to 500pA of external 
current. 
MAX5071 
MAX508 specifications 
are determined 
with the internal 


reference. The reference should be decoupled 
at REFOUT 
with 
100 
in series 
with 
the recommended 
decoupling 
capacitors, 
10pF in parallel 
with 0.1pF. 
Digital Inputs and Interface Logic 


All logic 
inputs 
are compatible 
with 
both TTL and 5V 
CMOS 
logic. 
Supply 
current 
is specified 
for TTL input 
levels, 
but 
is reduced 
by about 
450pA 
when 
the data 
inputs are driven 
near DGND orVDD. The control 
inputs 
(CLR, LDAC, WR, CS, CSMSB, 
and CSLSB) 
each draw 
100pA from 
IDD when low. 


ItIIAX507 Interface 


Table 2 is the MAX507 truth table. The MAX507 accepts a 
12-bit 
input 
word 
that 
cank 
latched 
or transferred 
directly 
to the DAC. CS and WR control 
the input 
latch, 
and LDAC transfers 
information 
from the input 
latch to 


the DAC latch. 


CLR 
LDAC 
WR 
CS 
Function 


1 
0 
0 
0 
Both latches transparent 


1 
1 
1 
X 
Both latches latched 


1 
1 
X 
1 
Both latches latched 


, 


1 
1 
0 
0 
Input latch transparent 


1 
1 
t 
0 
Input latch latched 


1 
0 
1 
1 
DAC latch transparent 


1 
t 
1 
1 
DAC latch latched 


0 
X 
X 
X 
DAC latch all Os 


t 
1 
1 
1 
DAC latch latched with Os; 
output at OVor -5V 
t 
0 
0 
0 
Both latches transparent; 
output follows input data 


X = Don't Care 
t = Rising Edge 


The input latch is transparent 
when CS and WR are low; 


the DAC latch 
is transparent 
when LDAC is low. Data is 
latched 
within 
the input 
latch on the rising edge of WR 
when CS is low. The risifl9.!!dge 
of LDAC latches data into 
the DAC when CS and WR are low. After CS and WR are 
high, LDAC must be held low for t7 or longer 
(Figure 
2). 


NOTES: 
1. 
ALL 
INPUT RISE AND FALL TIMES 
MEASURED 
FROM 10% TO 
90% OF +5V, 1, = tl = 5ns. 


2. 
TIMING 
MEASUREMENT 
REFERENCE LEVEL IS 
V1NH + V1Nl 


2 


3 
IF LDAC IS ACTIVATED WHILE 
WR IS !.QW THEN 
LDAC MUST 
STAY LOW FOR 17 OR LONGER AFTER WR GOES HIGH. 


Figure 
2. MAX507 
Timing 
Diagram 


The DAC latch is reset to zeros with CLR low. CLR acts as 
a zero override 
when the input 
latch and DAC latch are 
transparent. 
Then, a low-to-high 
CLRtransition 
loads all 
zeros into the DAC latch, and the output 
remains 
low (OV 
to -5V). 


ItIIAX50B Interface 


The MAX508's 
8-bit-wide 
data bus interfaces 
with 8-bit 
pPs, The 
MAX508 
contains 
an input 
latch 
and a DAC 
latch. 
The data 
held 
in the 
DAC latch 
determines 
the 
output 
of the DAC. Table 3 is the MAX508 
truth 
table, 


Figure 
3 shows 
the 
input 
control 
logic, 
and 
Figure 
4 
shows 
the write-cycle 
timing. 
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CSLSB 
CSMSB 
WR 
LDAC 
Function 


0 
1 
0 
1 
Loads 
LSBs to input 
latches 


0 
1 
t 
1 
Locks 
LSBs in input 
latches 


t 
1 
0 
1 
Locks 
LSBs in input 
latches 


1 
0 
0 
1 
Loads 
MSBs to input 
latches 


1 
0 
t 
1 
Locks 
MSBs 
in input 
latches 


1 
t 
0 
1 
Locks 
MSBs 
in input 
latches 


1 
1 
1 
0 
Loads 
input 
into DAC latch 


1 
1 
1 
t 
Locks 
input 
into DAC latch 


1 
0 
0 
0 
Loads 
MSBs to input 
latches 
and loads 
input 
into DAC 
latch 


1 
1 
1 
1 
No data transfer 


Right-justified 
data 
is.JQ?ded 
into 
the 
MAX508 
using 


CSMSB, 
CSLSB, 
and WR. Data can be latched 
into the 


input 
latch 
on 
the 
rising 
edge 
of 
WR 
for 
the 
most 


significant 
bit (MSB) 
and least significant 
bit (LSBl. 
or 


on the rising 
edge of CSMSB 
for the MSB and CSLSB 


for the LSB. Either 
the MSB or the LSB can be loaded 


first. 


The complete, 
12-bit word 
loads into the DAC register 


when 
LDAC 
is low, and latches 
on LDAC's 
rising 
edge. 


LDAC is asynchronous 
and independent 
of WR, so it is 


ideal 
for 
simultaneously 
updating 
multiple 
MAX508 


outputs. 
Because 
LDAC can occur 
durl.!:!9..awrite cycle, 


it must stay low for t7 (or longer) 
after WR goes high to 
ensure 
correct 
data is latched 
to the output. 


The MAX508 
output 
can be updated 
in two write cycles 


by tying 
CSMSB 
angJ,.DAC. 
In this automatic 
transfer 


mode, 
CSLSB 
and WR latch 
the lower 
8 bits into the 


input latch; then CSMSB, 
WR, and LDAC load the upper 


4 bits into the input 
latch and transfer 
the 12-bit word 


into the 
DAC latch. 
Alternativel~MAX507 
can be 


updated 
in two writes 
by tying 
CSLSB 
to LDAC 
if the 


upper 
4 bits are input first, followed 
by the lower 8 bits. 


UPPER 
4 BITS 


OF INPUT 
LATCH 


LOWER 
8 BITS 
OF DATA 
LATCH 


Voltage-Output, 12-8it DACs 
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NOTES: 
1. 
ALL INPUT RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V, lr = If = 5ns. 


2. 
TIMING MEASUREMENT 
REFERENCE LEVEL IS VfNH; VfNL 


Figure 
4. MAX508 
Timing 
Diagram 


Unipolar Configuration 


The MAX507/MAX508 
are set up for a OVto +5V unipolar 


output 
range 
by 
connecting 
ROFS, RFB, and 
VOUT 


(Figure 5). The converters 
operate from either a single or 


a dual supply 
in this configuration. 
See Table 4 for the 
DAC-Iatch 
contents 
(input) 
ys. analog 
output 
(output). 
In this range, 
1LSB = VREF (2-12). 


+15V 


100 
Vee 


REFOUT 
ROFS 


10J1F 


AGND 
RFB 


DGND 


-= 
Your 
Your 


INPUT 
OUTPUT 


4095 
1111 
1111 
1111 
(VREF) 
4096 


1000סס oo 
0001 
VREF) 
2049 
( 
4096 


1000 
0000סס oo 
(VREF) 
~~: 
=+VREF/2 


0111 
1111 
1111 
(VREF) 
2047 
4096 
, 


0000 
0000 
0001 
(VREF) 
40~6 


סס oo 
0000סס oo 
OV 


A 
OV to 
+10V 
unipolar 
output 
range 
is 
set 
up 
by 


connecting 
ROFS to AGND and RFB to VOUT (Figure 
6). 


See Table 5 forthe 
DAC-Iatch 
contents 
(input) 
YS. analog 


output 
(output). 
The 
MAX507/MAX508 
operate 
from 


either 
a single 
or a dual supply 
in this configuration. 
In 


this range, 1LSB = VREF (2-11). 
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+15V 


100 
Voo 


REFOUT 


10pF 


ROFS 
RFB 


-=- 


AGNO 
Your 


DGND 


Vss 


Figure 6. Unipolar 
Configuration 
(OV to +10V Output) 


Table 5. Unipolar-Code 
Table (OY to +10Y Output) 


INPUT 
OUTPUT 


1111 
1111 
1111 
+2 (VREF 
4095 


) 4096 


1000 
0000 
0001 
+2 (VREF) 2049 


4096 


1000 
0000 
0000 
+2 (VREF) 
2048 =+VREF 
4096 


0111 
1111 
1111 
+2 (VREF) 
2047 
4096 


0000 
0000 
0001 
+2 (VREF) _1_ 
4096 


סס oo 
0000 
0000 
OV 


Bipolar Configuration 


A -5V to +5V bipolar 
range is set up by connecting 
ROFS 


to REFOUT 
and RFB to VOUT, and operating 
from dual 


power supplies 
(Table 1). See Table 6 for the DAC-Iatch 


contents 
(input) 
vs. analog 
output 
(output). 
In this 


range, 1LSB = (2) VREF (2-11) 
= (VREF) 1/2048. 


INPUT 
OUTPUT 


1111 
1111 


2047 


1111 
(+VREF) 
2048 


1000 
0000 


1 


0001 
(+VREF) 
2048 


1000 
0000סס oo 
OV 


0111 
1111 
1111 
(-VREF)_1- 
2048 


0000 
0000 
0001 
(-VREF) 
2047 
2048 


0000 
0000 


2048 


0000 
(-VREF) 
2048 = -VREF 
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PART 
TEMP. RANGE 
PIN- 
ERROR 


PACKAGE 
(LSBs) 


MAX508ACPP 
O°C to +70°C 
20 Narrow Plastic DIP 
±1/2 


MAX508BCPP 
O°C to +70°C 
20 Narrow Plastic DIP 
±3/4 


MAX508ACWP 
O°C to +70°C 
20 Wide SO 
±112 


MAX508BCWP 
O°C to +70°C 
20 Wide SO 
±3/4 


MAX508BC/D 
'J°C to +70°C 
Dice' 
±3/4 


MAX508AEPP 
-40°C to +85°C 
20 Narrow Plastic DIP 
±112 


MAX508BEPP 
-40° C to +85° C 
20 Narrow Plastic 01P 
±3/4 


MAX508AEWP 
-40°C to +85°C 
20 Wide SO 
±112 


MAX508BEWP 
-40°C 
to +85°C 
20 Wide SO 
±3/4 


MAX508AMJP 
-55°C 
to +125°C 
20 Narrow CERDIP" 
±112 


MAX508BMJP 
-55° C to +125° C 
20 Narrow CERDIP" 
±3/4 


Vss 


ROfS 


REFOUT 


AGNO 
07 
06 
05 
04 


03/011 


OGNO 


~I'I~JXI~I'I 
CMOS Quad, 12.8it, 


Serial.lnput Multiplying DAC 


_______ 
Genera. Description 


The MAX514 
contains 
four 12-bit R-2R multiplying 
digi- 
tal-to-analog 
converters 
(DACs), 
each 
with 
a serial-in 


parallel-out 
shift 
register, 
a DAC 
register, 
and 
control 
logic. 
The MAX514's 3-wire serial interface 
design 
mini- 
mizes 
the 
number 
of package 
pins 
and 
internal 
level 


translators, 
so it uses less board space and dissipates 
less 
power (10mW max) than parallel-interface 
devices. 


When used with microprocessors 
(IlPs) with a serial port, 


the MAX514 minimizes 
digital-noise 
feedthrough 
from its 
logic 
input 
pins to its analog 
output. 
To further 
reduce 


noise, the IlP serial 
port 
can 
be used 
as a dedicated 


analog bus and kept inactive while the MAX514 is in use. 
Serial 
interfacing 
also simplifies 
opto-coupler 
or trans- 


former-isolated 
applications. 


This device uses low-tempco thin-film resistors, lasertrimmed 
to ±1 LSB linearity, with gain accuracy better than ±1 V2LSB 


The MAX514 
is specified 
with a +5V power 
supply. 
All 


logic inputs are TIL 
and CMOS compatible. 
It comes in 


space-saving 
24-pin DIP and 28-pin SO packages. 


__________ 
App.ications 


Digital Offset/Gain 
Adjustment 


Arbitrary 
Waveform 
Generators 


Industrial 
Process 
Controls 


Automatic 
Test Equipment 


Motion Control Systems 


Programmable 
Amplifiers/Attenuators 


IlP-Controlled 
Systems 
_______ 
Functiona'Diagram 


SRIA 


CLKA 


LOAOA 
SRIB 


CLKB 


LOAOB 


SRIC 
CLKC 


LOAOC 


SRIO 


CLKO 


LOAOO 


• 
Four 12-Bit Accurate 
DACs 


• 
Fast 3-Wire Serial Interface 


• 
Low Differential 
Nonlinearity: 
±V2LSB Max 


• 
Low Integral 
Nonlinearity: 
±1 LSB Max 


• 
Gain Accuracy 
to ±11,-2LSB Max 


• 
Low Gain Tempco: 
SppmrC 
Max 


• 
Operates 
from a Single +SV Power Supply 


• 
TTLICMOS 
Compatible 


• 
Available 
in 24-Pin DIP and 28-Pin SO Packages 


PART 
TEMP. 
PIN-PACKAGE 
DNL 


RANGE 
(LSBs) 


MAXS14ACNG 
O'C to +70'C 
24 Narrow 
Plastic DIP 
±1/2 


MAXS14BCNG 
O'C to +70'C 
24 Narrow 
Plastic DIP 
±1 


MAXS14ACWI 
O'C to + 70'C 
28 Wide SO 
±1/2 


MAXS14BCWI 
O'C to + 70'C 
28 Wide SO 
±1 


MAXS14AENG 
-40'C 
to +8S'C 
24 Narrow 
Plastic 
DIP 
±1/2 


MAXS14BENG 
-40'C 
to +8S'C 
24 Narrow 
Plastic 
DIP 
±1 


MAXS14AEWI 
-40'C 
to +8S'C 
28 Wide SO 
±1/2 


MAXS14BEWI 
-40'C 
to +8S'C 
28 Wide SO 
±1 


LOAOA 


CLK' 


SRIB 


LOAOB 


SRIC 


..•••&,/'I..•••J X 
1 .••••&,/'I 
Maxim Integrated 
Products 
9-45 


..••• 
"I ..••• 
J X •..••• 
". 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 
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ABSOLUTE 
MAXIMUM 
RATINGS (Note 1) 


VDD to GND 
-0.3V, + 17V 
VREF to GND 
±25V 


VRFB to GND 
±25V 
Digital 
Input Voltage 
to GND 
-0.3V, VDD + 0.3V 
IOUTA to GND 
. . 
. 
-0.3V, VDD + 0.3V 
Continuous 
Power Dissipation 
(TA ; 
+ 70"C) 


24-Pin Narrow 
Plastic DIP 
(derate 8.7mWrC 
above 
+70"C) 
696mW 


28-Pin Wide SO 
(derate 12.5mWrC 
above 
+70"C) 
Maximum 
Current 
into Any Pin 
Operating 
Temperature 
Ranges: 


MAX514_C_ 
MAX514_E_ 
Storage 
Temperature 
Range 
Lead Temperature 
(soldering, 
10 see) 


.. 1000mWrC 


50mA 


O"C to +70"C 


... 
-40"C to +85"C 
.. -65"C to + 150"C 
. +300"C 


Stresses 
beyond 
those tisted 
under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
secti(J()s of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(VDD; 
+5V, VREF; 
+ 10V, lOUT; 
IOUTA ; GND ; OV,TA; 
TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC PERFORMANCE 


Resolution 
N 
12 
Bits 


Integral 
Nonlinearity 
INL 
±1 
LSB 


Differential 
Nonlinearity 
DNL 
Guaranteed 
monotonic 
MAX514A 
±1/2 
LSB 
MAX514B 
±1 


Using 
TA; 
+25"C 
MAX514A 
±15 
Full-Scale 
Error (Gain Error) 
FSE 
internal 
MAX514B 
±2.5 
LSB 
RFB 
TA; 
TMIN to TMAX 
ALL 
±2.5 


Full-Scale 
Temperature 
Coefficient 
TCFS 
Using internal 
RFB 
±1 
±5 
ppmrC 
(Note 1) 


DC Power-Supply 
Rejection 
PSR 
VDD; 
4.75V to 5.25V 
±0.001 
%/% 


DYNAMIC 
PERFORMANCE 
(Note 1) 


TA; 
+25"C, to 1/2LSB, lOUT load is lOOn 1113pF, 
Current 
Settling 
Time 
ts 
DAC register 
alternately 
loaded 
with all 1s and 
0.25 
1 
f.ls 


all Os 
, 


Q 
VREF; 
OV, lOUT load is lOOn 1113pF, DAC regis- 
Digital Feedthrough 
ter alternately 
loaded 
with all 1s and aliOs 
2 
20 
nV-s 


AC Feedthrough 
at lOUT 
FTE 
VREF; 
±10Vp_p at 10kHz, DAC register 
loaded 
0.4 
1 
mVp_p 
with all Os 


Total Harmonic 
Distortion 
THD 
VREF; 
6VRMS at 1kHz, DAC register 
loaded 
-85 
dB 
with all1s 


Output 
Noise Voltage 
Density 
en 
TA; 
+25"C, 
10Hz to 100kHz, 
measured 
13 
15 
nV/-JHz 
between 
RFB and lOUT 


REFERENCE 
INPUT 


Reference 
Input Resistance 
RREF 
I 
VREF pin to lOUT 
I 
7 
11 
25 
kn 


Input Resistance 
Tempco 
TCR 
I 
-200 
ppml"C 


ANALOG 
OUTPUTS 


TA; 
+25"C 
±0.5 
±5 
lOUT Leakage 
Current 
ILKG 
DAC register 
loaded 
with all Os 
TA; 
TMIN to 
nA 


TMAX 
±25 


-- 
TA; 
+25"C 
±0.5 
±5 
IOUTA Leakage 
Current 
ILKG 
DAC register 
loaded 
with all 1s 
TA; 
TMIN to 
nA 
(DAC A, SO package 
only) 
TMAX 
±25 


lOUT Capacitance 
(Note 1) 
COUT1 
DAC register 
loaded 
with all Os 
55 
80 
pF 
DAC register 
loaded 
with all 1s 
85 
110 


IOUTACapacitance 
COUT2 


DAC register 
loaded 
with all Os 
85 
110 
pF 
(DAC A, SO package 
only) (Note 
1) 
DAC register 
loaded 
with all 1s 
55 
80 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Voo = +5V, VREF = + 1OV, lOUT = IOUTA = GND = OV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 


Digital 
Input High Voltage 
VIH 
2.4 
V 


Digital 
Input low 
Voltage 
Vil 
0.8 
V 


Digital 
Input leakage 
Current 
IIN 
VIN = OV or Voo 
±1 
llA 


ClK 
Input leakage 
Current 
IIN 
VIN = OV or Voo 
±4 
llA 
(DIP only, pins 
16, 21) 


Digital 
Input Capacitance 
(Note 1) 
CIN 
VIN = OV or Voo 
~ 
8 
pF 


ClK 
Input Capacitance 
CIN 
VIN = OV or Voo 
32 
pF 
(DIP only, pins 16, 21) (Note 
1) 


SWITCHING 
CHARACTERISTICS 


ClK 
Pulse Width 
High 
tCH 
90 
ns 


ClK 
Pulse Width low 
tCl 
120 
ns 


SRI Data to ClK 
Setup 
tos 
40 
ns 


SRI Data to ClK 
Hold 
tOH 
80 
ns 
illlill Pulse Width 
tLD 
120 
ns 


lSB 
ClK 
to CDALJ 
tSl 
a 
ns 


lOAD 
High to ClK 
tlC 
a 
ns 


POWER 
SUPPLIES 


Positive Supply 
Voltage 
Voo 
For specified 
performance 
4.75 
5.25 
V 


Positive Supply 
Current 
100 
All digital 
inputs at Vil or VIH 
2000 
llA 
All digital 
inputs at OV or Voo 
20 
400 


GAIN vs. FREQUENCY 


(OUTPUT 
AMPLIFIER: 
MAX400) 
TOTAL 
HARMONIC 
DISTORTION 
vs. 


FREQUENCY 
(MULTIPLYING 
MODE) 


o 
o 


-12 


-24 


-36 


~ 
-48 


Z -60 


~ 
-72 


-84 


-96 


-108 


-120 lk 


Voo=+SV 
VIN=6VRMS 
-20 
OUTPUT 
AMPLIFIER: 
MAX400 


TA=+2S'C 


iD 
:!!. 
-60 
Q 
~ 
-80 
10.6 


c 
E 
0.4 


Voo=+SV 
VREF= l00mV 
TA= 
+2S'C 


10k 
lOOk 
1M 


FREQUENCY 
(Hz) 


2 


VIN(V) 
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TA = +25°C 
\'REF = +10V 


... 
., 
.." 


~ 


J1II'- 
~ 


g 
0.25 


15 
0 


~ 
-0.25 
oc: 
~ 
-0.50 


Z 


::::i 
-0.75 


-1.00 
o 
1024 
2048 
3072 
4096 


DIGITAL 
INPUT 
CODE 
(DECIMAL) 


4 
6 


VREF(V) 


0.5 


0.25 


il 
0 
~...z 
-0.25 
Q 


-0.5 


i""""'o 
100.- 


1.,..00 


4 
6 


VREF(V) 


24-PIN 
28-PIN 
NAME 
FUNCTION 
DIP 
SO 


1 
1 
VRI'I'A 
Reference Voltaae Inout for DACA 
2 
2 
RFRA 
Internal Feedback 
Resistor for DACA 
3 
3 
lOLITA 
DACA Output Current 


- 
4 
InIiTi\ 
DACA Inverted Current Output 
4 
5 
VREFB 
Reference Voltaae Inout for DACB 
5 
6 
RFBR 
Internal Feedback 
Resistor for DACB 
6 
7 
IOllTR 
DACB Output Current 
7 
8 
VRI'Fr. 
Reference Voltaae Input for DACC 
8 
9 
Rmr. 
Internal Feedback 
Resistor for DACC 
9 
10 
IOUTC 
DACC Output Current 
15 
11 
V"l'l'n 
Reference Voltaae Inout for DACD 
10 
12 
RFRn 
Internal Feedback 
Resistor for DACD 
11 
13 
InllTn 
DACD Output Current 
12 
14 
GND 
Power-Suaolv 
Ground 


13 
15 
LOADD 
Load DACD Input (active low), Driving this input low transfers the contents of shift register D to DAC register 
D and uPdates analoa output D, 
14 
16 
SRID 
Serial Data Input for DACD 


- 
17 
CLKD 
Serial Clock Input for DACD 
16,21 
- 
CLK 
Serial Clock Input for all four DACs, CLK pins are internally connected 
on DIP packaaed 
parts, 


17 
18 
LOADC 
Load DACC Input (active low), Driving this input low transfers the contents of shift register C to DAC register 
C and updates 
analoa output C, 
18 
19 
SRIC 
Serial Data Inout for DACC 
- 
20 
CLKC 
Serial Clock Inout for DACC 


19 
21 
LOADB 
Load DACB Input (active low), 
Driving this input low transfers the contents of shift register B to DAC register 
Band 
uodates analoa outout B, 
20 
22 
SRIB 
Serial Data Input for DACB 
- 
23 
CLKB 
Serial Clock Input for DACB 
, 


- 
24 
N,C. 
No Connect 


22 
25 
LOADA 
Load DACA Input (active low). Driving this input low transfers the contents of shift register A to DAC register 
A and updates analoa output A 
23 
26 
SRIA 
Serial Data Input for DACA 


- 
27 
CLKA 
Serial Clock Inout for DACA 
24 
28 
Voo 
Positive Suoolv Voltaae 
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______ 
Detailed Description 


DACSection 


The MAX514 
contains 
four current-output 
digital-to-ana- 


log converters 
(DACs). 
Each DAC consists 
of a laser- 


trimmed 
R-2R resistor array with NMOS current switches 


as shown 
in Figure 
1. 
Binarily 
weighted 
currents 
are 


switched 
to either 
lOUT or GND 
(IOUTA for 
DAC 
A), 
depending 
upon the status of each input data bit. 


I 
I 


I 
I 


010 
09 


I 
I 


DO 


(LSB) 


GNO(OIP) 


IOUTA(SO) 


Figure 
1. Simplified 
D/A Circuit 
for 1/4 of MAX514 


Each of the current outputs 
(lOUT) can be converted 
to a 


voltage 
by adding 
an external output amplifier 
as shown 


in Figure 3. VREF inputs accept 
a wide range of signals, 
including 
fixed 
and 
time-varying 
voltage 
or current 
in- 


puts. 
If a current 
source 
is used for the reference 
input, 


a low tempco 
external 
resistor should be used for RFB to 


minimize 
gain variation 
with temperature. 


Each 
internal 
feedback 
resistor 
(RFS) is compensated 


with an NMOS switch that matches 
the NMOS switches 


used in the R-2R array. 
This results in excellent 
power- 


supply 
rejection 
and gain-temperature 
coefficient. 


Digital Inputs and Interlace 
Logic 


Figure 
2 shows 
the write-cycle 
timing 
diagram 
for the 


MAX514. 
The most significant 
bit (MSB) is always loaded 
first on the rising edge of the clock (ClK). 
Once all data 


is shifted 
into the MAX514, 
each DAC register 
is loaded 


by taking the corresponding 
lOAD 
si~w. 
The DAC 


registers 
are transparent 
when their lOAD 
input is low, 


and latched 
when their lOAD 
input is high. 
If lOAD 
is 


taken low before the least significant 
bit (lSB) 
is shifted 
into the shift 
register, 
the 
DAC output 
can 
produce 
a 


'glitch" 
If this is undesirable, 
avoid 
it by delaying 
the 


lOAD 
signal 30ns after the rising edge of the lSB 
ClK 


edge. 


The digital interface of the dual-in-line 
package 
(DIP) and 


small outline 
(SO) devices 
differs 
slightly. 
Each DAC in 


the SO has its own ClK 
input, while DACs in the DIP share 


a common ClK 
input. The common 
ClK 
input of the DIPs 
is located 
on pins 16 and 21, which 
are internally 
con- 


nected. 
DACs can be individually 
loaded 
by separately 
controlling 
the four lOAD 
inputs. 
Data is shifted into each 


DAC through 
its SRI pin using the common 
ClK 
input. 


The output voltage of each DAC is updated 
after its lOAD 


input has been exercised, 
while the remaining 
DAC out- 


puts are unchanged. 


If simultaneous 
updating 
of all four DAC outputs 
is de- 
sired, the lOAD 
inputs on DIP devices 
should be bussed 


together 
and driven 
from a common 
source. 
Simulta- 
neous updating 
of the four DAC outputs 
on SO devices 


can 
be accomplishe~ussing 
the four ClK 
inputs 


together 
and the four lOAD 
inputs together. 


The MAX514's input buffers act as level shifters, convert- 
ing TIl 
levels into DAC switch-drive 
levels. 
Input buffers 


are compatible 
with both TIl 
and 5V CMOS logic, how- 


ever the power 
supply 
current 
(IDD) is dependent 
upon 


the 
input 
logic 
levels. 
Supply 
current 
is significantly 


I 
I 
X::X 
HI 
SRI~ 
~~..X 
X 


DO x== 


010 
01 
LSB 


I 


IDS -l 
~IOH~ 
I 
1 
tel 
CLKINPUT 
I 


LOAD 
SERIAL 
DATA 
~ 


INTO 
INPUT 
REGISTER 


ISl 
Ss 
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reduced 
when logic inputs are driven as close to DGND 


as possible. 
and above 4V. This phenomenon 
is shown 
in the Supply Current vs. Logic Input Voltage graph in the 
Typical Operating 
Characteristics. 


Circuit Configurations 


Unipolar 
Operation 


Figure 3 shows the basic application 
circuit for one-fourth 
of the MAX514. 
This circuit is used for unipolar operation 


or 2-quadrant 
multiplication. 
The unipolar 
output-code 
table is given in Table 1. Note that the polarity of the output 
voltage is the inverse of the reference voltage input (VREF). 


In many applications, 
gain adjustment 
will not be neces- 
sary: 
The gain accuracy 
of the part may be sufficient. 
or 
gain may be trimmed 
at the reference 
source. 
In these 
cases, 
resistors 
R1 and R2 in Figure 3 can be omitted. 
When 
the 
DAC 
is trimmed 
and 
operated 
over 
a wide 


Table 1. 
Unipolar 
Binary Code Table 
for Circuit of Figure 3 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 
MSB 
LSB 


1 1 1 1 
1111 
1 1 1 1 
-VREF(::) 


1000 
0000 
0000 
(2048) 
VREF 
-VREF 
4096 
= - -2- 


0000 
0000 
0001 
-VREF 
( 4~96) 


0000 
0000 
0000 
0 


temperature 
range, use low tempco 
«300ppmrC) 
resis- 
tors for R1 and R2. 


The capacitor, 
C1, provides 
phase 
compensation 
and 
reduces 
overshoot 
and ringing 
when fast amplifiers 
are 
used at the DAC outputs. 


Bipolar 
Operation 


Figure 4 shows the MAX514 
operating 
in the bipolar, 
or 
4-quadrant 
multiplying 
mode. 
A second 
amplifier 
and 


three matched 
resistors (R3, R4, and R5) are required 
for 
each DAC output. 
These resistors 
must be of the same 
material 
(preferably 
metal film or wire-wound) 
for good 
temperature 
tracking 
characteristics 
« 15ppmrC). 
and 
should 
match 
to 0.0 1% for 
12-bit 
performance. 
The 
output 
code 
is offset 
binary 
and is listed 
in Table 2. 
In 
multiplying 
applications, 
the MSB determines 
output po- 
larity while the other 
11 bits control 
the amplitude. 
The 
MSB can be inverted 
in software 
using an exclusive-OR 


R4 


20kCl 


Table 2. 
Offset Binary Code Table 
for Circuit of Figure 4 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 


MSB 
LSB 


(2047 ) 
1 1 1 1 
1 1 1 1 
1111 
+VREF 
2048 


1 000 
0000 
0001 
+VREF ( 2~48 ) 


1 000 
0000 
0000 
0 


01 1 1 
1111 
1111 
-VREF 
( 2~48) 


0000 
(2048 ) 
0000 
0000 
-VREF 
2048 
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DIGITAL INPUT 
ANALOG OUTPUT 
MSB 
LSB 


(2047 ) 
o 1 1 1 
1 1 1 1 
1 1 1 1 
+VREF 2048 


0000 
0000 
0001 
+VREF ( 2~48 ) 


0000 
0000 
0000 
0 


1111 
1111 
1 1 1 1 
-VREF ( 2~48 ) 


(2048 ) 
1 000 
0000 
0000 
-VREF 
2048 


instruction 
to make the MAX514 work with twos-comple- 
ment coding. 
Table 3 shows 
the code 
relationships 
to 
output voltage 
for the twos-complement 
operation. 


To adjust 
the 
circuit, 
load 
the 
DAC 
with 
a code 
of 


1000 
0000 
0000 
and trim R1 for a OV output. 
With R1 


and R2 omitted, 
an alternative 
zero trim is used to adjust 
the ratio of R3 and R4 for OV out. 
Full-scale 
error can be 
trimmed 
by loading 
the DAC with all Os or all 1s, and 
adjusting 
the amplitude 
of VREF or varying 
R5 until the 
desired 
positive 
or negative 
output 
is obtained. 
Gain 
adjustment 
will not be necessary 
in many applications, 
in 


which 
case 
resistors 
R1 and 
R2 in Figure 
4 can 
be 


omitted. 
If gain 
trimming 
is desired, 
low 
tempco 


«300ppmrC) 
resistors 
should 
be used for R1 and R2. 


Single-Supply Operation 
(Voltage Mode} 


The MAX514 can be conveniently 
used in voltage 
mode 
with a single supply. 
lOUT must not be allowed to go 0.3V 
lower than GND 
or 0.3V higher 
than VDD 
Otherwise, 


internal 
protection 
diodes 
may 
turn 
on, 
causing 
high 


current flow and possible 
damage 
to the device. 


Figure 5 shows the MAX514 connected 
as a voltage-out- 
put DAC. 
lOUT is connected 
to the reference 
voltage 
source and GND is grounded 
(IOUTA,on the SO package, 


should also be grounded). 
The DAC output now appears 
at the VREF pin, which 
has a constant 
impedance 
equal 


to the reference 
input resistance 
(typically 
11kQ). 
This 
output 
should 
be buffered 
with an op amp when 
lower 
output 
impedance 
is required. 
The RFS pin is not used 
in this mode. 


The input impedance 
of the reference 
input (lOUT) for this 
mode is code 
dependent, 
and the circuit 
response 
time 


Figure 5. Single-Supply 
Operation 
for 1/4 of MAX514 
Using 
Voltage Switching 
Mode 


depends 
on the reference 
source's behavior 
with chang- 
ing load conditions. 


Since a negative 
reference 
is not required 
for a positive 


output 
when 
operating 
in voltage 
mode, 
the 
complete 
circuit can be powered 
from a single supply. 
Note that, 


when operating 
in voltage mode, the reference input (lOUT) 


must always be positive and is limited to no more than 2.5V 
when VDD is 15V. If the reference voltage is greater than 
2.5V or VDD is reduced, 
resistance 
mismatches 
in the 


DAC's internal NMOS switches result in degraded 
integral 


nonlinearity (INL) and differential nonlinearity 
(DNL). 


The unipolar 
and bipolar 
circuits 
in Figures 3 and 4 can 
all be converted 
to voltage 
output 
mode. 


____ 
Applications 
Information 


Output Amplifier 
Offset 


For best linearity, lOUT, IOUTA,and GND should be termi- 
nated at exactly 
Ov. 
In most applications, 
lOUT is con- 


nected 
to the summing 
junction 
of an inverting 
op amp. 


The 
amplifier's 
input 
offset 
voltage 
can 
degrade 
the 


DAC's 
linearity 
by causing 
lOUT to be terminated 
to a 
non-zero 
voltage. 
The resulting 
error is: 


Error Voltage = Vos (1 + RFS / Ro) 
-=-- 


where VOS is the op amp's offset voltage 
and RO is the 
~ 


output 
resistance 
of the DAC. 
RO is a function 
of the 
digital 
input code, 
and varies from approximately 
11kQ 


to 33kQ. 
The error voltage 
range is then typically 
4/3VOS 


to 2VOS, a change 
of 2/3VOS. 
An amplifier 
with 3mV of 
offset, therefore, 
degrades 
linearity 
by 2mV - 
almost 
a 


full LSB when a 10V reference 
voltage 
is used. 
For best 
linearity, 
amplifiers 
with low offset voltage 
(such 
as the 
MAX400) 
should 
be used 
as output 
amplifiers 
for the 
MAX514. 
A good rule of thumb 
is that VOS should 
be no 


more than 1/10LSB. 


The output-amplifier 
input bias current 
(Is) can also limit 
performance 
since IS x RFS generates 
an offset error. 
IS 
should, 
therefore, 
be much 
less than the 
DAC output 


CMOS Quad, 12-8it, 
Serial-Input 
Multiplying 
DAC 


current 
for 1LSB, which 
is typically 
250nA 
with a 10V 


reference 
voltage. 
One-tenth 
of this value, 25nA, is rec- 


ommended. 
Offset and linearity can also be impaired 
if 


the 
output 
amplifier 
noninverting 
input 
is grounded 


through 
a "bias-current 
compensation 
resistor." 
This re- 


sistor adds to the offset at this pin and should not be used. 
Best 
performance 
is obtained 
when 
the 
non inverting 
input is directly 
connected 
to GND. 


Dynamic Considerations 


In static or DC applications, 
the AC characteristics 
of the 


output amplifier are not critical. In higher speed applications, 
where either the reference input is an AC signal or the DAC 
output must quickly settle to a new programmed 
value, the 


AC parameters of the output op amp must be considered. 


Another 
error source 
in dynamic 
applications 
is parasitic 


signal 
coupling 
from the VREF inputs to lOUT. This cou- 


pling is primarilly 
a function 
of board 
layout and lead-to- 
lead package 
capacitance. 
Noise signals 
can also be 


injected 
into the DAC outputs 
when the digital inputs are 


switched. 
This digital feedthrough 
is usually dependent 


upon 
the 
circuit-board 
layout 
and 
on-chip 
capacitive 


coupling. 
Guard traces 
between 
the digital 
input, VREF 
inputs, 
and 
lOUT pins 
minimize 
layout-induced 
feed- 
through. 
Each DAC output follows the digital inputs when 
the corresponding 
LOAD pin is low. 
In this state, invalid 


outputs 
and 
voltage 
glitches 
can 
appear 
at the 
DAC 
outputs. 
Keeping 
the LOAD 
inputs 
high until all of the 


data is shifted 
into the DAC eliminates 
this problem. 


Compensation 


A compensation 
capacitor, 
C1 , may be required when the 
DAC 
is used 
with a high-speed 
output 
amplifier. 
The 
purpose 
of the capacitor 
is to cancel the pole formed 
by 
the DAC output capacitance, 
COUT, and the internal feed- 
back resistor, RFB. The value of this capacitor 
depends on 
the type of op amp used, but it typically ranges from 10pF 
to 33pF. 
Too small a value causes 
output 
ringing, 
while 


excessive 
capacitance 
overdamps 
the output. 
The size of 


C1 can be minimized 
and the output voltage settling time 


improved 
by keeping 
the circuit-board 
trace 
and 
stray 


capacitance 
at lOUT at low as possible. 


The capacitance 
at each lOUT pin (COUT) is code depen- 


dent and is typically 
55pF with all switches 
connected 
to 
GND, and 85pF with all switches 
connected 
to lOUT. 


Grounding and Bypassing 


Since 
lOUT and 
the 
non inverting 
input 
of the 
output 


amplifier 
are sensitive 
to offset voltages, 
nodes that are 


to be grounded 
should be connected 
directly to a "single 
point" 
ground 
through 
a separate, 
low-resistance 
(less 
than 
0.2Q) connection. 
The current 
at 'IOUT and GND 


varies with input code, creating 
a code-dependent 
error 


if these 
terminals 
are connected 
to GND 
(or a "virtual 


ground") 
through 
a resistive path. 


A 1~F bypass capacitor, 
in parallel with a 0.01 ~F ceramic 


capacitor, 
should be connected 
across the DAC Voo and 


GND as close to the pins as possible. 


The MAX514 has high-impedance 
digital inputs. 
To min- 


imize noise pick-up 
and prevent 
static charge 
accumu- 


lation if the pins are left floating 
(such as when a circuit 
card 
is left unconnected), 
they should 
be tied to either 
Voo or GND through 
high-value 
resistors (1 MQ). 


__ 
Pin Configurations 
(continued) 
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_______ 
General Description 


The MAX526/MAX527 contain four 12-bit, voltage-output digi- 
tal-to-analog 
converters 
(DACs). 
Precision output 
buffer 


amplifiers are included 
on-chip to provide voltage outputs. 


The MAX527 operates with ±5V power supplies, while the 
MAX526 utilizes -5V and +12V to +15V supplies. Offset, gain, 
and linearity are factory calibrated to provide the MAX526's 
1LSB total unadjusted error (TUE) 


These devices feature double-buffered 
interface logic with a 


12-bit input register and a 12-bit DAC register. Data inthe DAC 
register sets the DAC output vo~age. The MAX526/MAX527 
have an 8-bit-wide data bus. 
Data is loaded into the input 
register using two write operations with an 8-bit LSB write load 
and a 4-bit MSB write load. 
An asynchronous 
load DAC 


(LDAC) input transfers data from the input register to the DAC 
register. All logic inputs are TIL and CMOS compatible. 


The MAX5261MAX527 are available in 24-pin, 300 mil plastic 
DIP, Ceramic SB, and wide SO packages. 
__________ 
Applications 


Minimum 
Component 
Count Analog 
Systems 


Digital Offset/Gain 
Adjustment 


Arbitrary 
Function 
Generators 


Industrial 
Process Controls 


Automatic 
Test Equipment 
_______ 
Functional Diagram 


3 


VOUTA 


24 


VOUTD 


8 
4 
5 
7 


LDAC 
Vss 
AGND DGND 


____________ 
Features 


• 
Full 12-Bit Performance 
Without 
Adjustments 


• 
1LSB Total Unadjusted 
Error (MAX526) 


• 
Buffered 
Voltage 
Outputs 


• 
Fast Output Settling 
31ls for MAX526 
51ls for MAX527 


• 
Double-Buffered 
Digital Inputs 


• 
Microprocessor 
and TTUCMOS 
Compatible 


• 
±5V Supply Operation 
(MAX527) 
______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 
i'lL 
(LSBs) 


MAXS26ACNG 
O'C to +70'C 
24 Narrow Plastic DIP 
+1/2 


MAXS26BCNG 
O'C to +70'C 
24 Narrow Plastic DIP 
±1 


MAXS26ACWG 
O'C to +70'C 
24 Wide SO 
±1/2 


MAXS26BCWG 
O'C to +70'C 
24 Wide SO 
±1 


MAXS26BC/D 
O'C to +70'C 
Dice' 
±1 


MAXS26AENG 
-40'C 
to +8S'C 
24 Narrow Plastic DIP 
±1/2 


MAXS26BENG 
-40'C 
to +8S'C 
24 Narrow Plastic DIP 
±1 


MAXS26AEWG 
-40'C 
to +8S'C 
24 Wide SO 
+1/2 


MAXS26BEWG 
-40'C 
to +8S'C 
24 Wide SO 
+1 


MAXS26AMYG 
-SS'C to + 12S'C 
24 NarrcmCeranicSB- 
+1/2 


MAXS26BMYG 
-SS'C to + 12S'C 
24 NarrcmCeramicSB- 
±1 


Ordering 
Information 
continued 
on last page. 


• Contact 
factory 
for dice specifications. 


"Contact 
factory 
for availability 
and processing 
to MIL -STO-883. 


Vss 
4 


AGND 


VREFA8 
6 


DGND 
7 


VOUTD 


VDD 


CSMSB 


21 
CSLSB 


WR 


VREFCD 


AO 


AT 


D8/DO 


D91D1 


Dl0/D2 


Dl11D3 
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ABSOLUTE 
MAXIMUM 
RATINGS - MAX526 


Voo to AGND 
or DGND 
-0.3V, + 17V 


Vss to AGND or DGND 
-7V, +0.3V 
Digital 
Input Voltage 
to AGND 
or DGND 
. 
0.3V, Voo + 0.3V 


VREF to AGND or DGND 
. 
-0.3V, Voo + 0.3V 
VOUT to AGND or DGND 
. 
Voo, Vss 
Maximum 
Current 
into Any Pin 
SOmA 
Continuous 
Power Dissipation 
(TA = + 70'C) 
Plastic 
DIP (derate 
13.33mWrC 
above 
+ 70T) 
733mW 
Wide SO (derate 
1176mWrC 
above 
+70'C). 
647mW 
Ceramic 
SB (derate 
14.29mWrC 
above 
+70'C) 
1143mW 


Stresses 
beyond 
those listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


Operating 
Temperature 
Ranges: 


MAX526_C_G 
MAX526_E_G 
. 


MAX526_MYG 
. 


Storage 
Temperature 
Range 
Lead Temperature 
(soldering, 
10 see) . 


O'C to +70'C 


-40'C 
to +85T· 


-55'C 
to + 125T 
-65'C 
to + 150'C 


+300'C 


ELECTRICAL 
CHARACTERISTICS 
- MAX526 


(Voo = + 15V, Vss = -5V, VREF = 10V, AGND 
= DGND = OV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC 
PERFORMANCE 
- ANALOG 
SECTION 
(RL = 5kQ, CL = l00pF) 


Resolution 
N 
12 
Bits 


MAX526A 
±10 


MAX526B 
+2.0 


MAX526AC 
±2.0 
Total Unadjusted 
Error 
TUE 
MAX526BC 
±3.0 
LSB 


MAX526AE 
±2.5 


MAX526BE 
±35 


MAX526AM 
±30 


MAX526BM 
±4.0 


Integral 
Nonlinearity 
INL 
MAX526A 
+0.15 
+0.50 
LSB 
MAX526B 
±1 


Differential 
Nonlinearity 
DNL 
Guaranteed 
monotonic 
±1 
LSB 


MAX526A 
I 
TA = +25'C 
+1.0 


MAX526B 
I 
±2.0 


MAX526AC 
+2.0 
Offset Error 
MAX526BC 
±30 
LSB 


MAX526AE 
+2.5 


MAX526BE 
±3.5 


MAX526AM 
+3.0 


MAX526BM 
±4.0 


Gain Error 
-0.1 
+1.0 
LSB 


t.Gain/t,voo 
Voo from +10.8V 
to + 16.5V 
+0.001 
±O.01 


Power-Supply 
Rejection 
t.Gain/t.Vss 
Vss from -4.5V to -5.5V 
TA = +25'C 
±0001 
±0.01 
LSB/% 


t.Offsel/t.Voo 
Voo from + 10.8V to + 16.5V 
+0.007 
±O.075 


t.Offsel/t.Vss 
VSS from -4.5V to -5.5V 
±0.003 
+0.03 


MATCHING 
PERFORMANCE 


Total Unadjusted 
Error 
TUE 
MAX526AC/AE 
TA = +25'C 
+1.0 
LSB 
MAX526BC/BE 
+2.0 


Gain Error 
TA = +25'C 
0.1 
+10 
LSB 


Offset 
Error 
MAX526AC/AE 
TA = +25'C 
0.5 
±10 
LSB 
MAX526BC/BE 
0.5 
+2.0 


Intearal 
Nonlinearitv 
INL 
MAX526AC/AE/BC/BE 
TA = +25'C 
0.2 
+1.0 
LSB 
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ELECTRICAL 
CHARACTERISTICS 
- MAX526 (continued) 


(VOO = + lSV, Vss = -sv, VREF = 10V, AGND 
= DGND = OV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


REFERENCE 
INPUT 
(Note 1) 


Reference 
Input Range 
REF 
I 
I 
2 
Voo-41 
V 


Reference 
Input Resistance 
RREF 
S 
I 
kn 


MULTIPLYING 
MODE 
PERFORMANCE 


Reference 
3dB Bandwidth 
700 
kHz 


VREF = 10Vp-p 
at 
-100 
Reference 
Feedthrough 
Input code = all Os 
400HZ 
dB 
VREF = 10Vp-p 
at 
-82 
4000HZ 


Total Harmonic 
Distortion 
THD+N 
VREF = 2Vp_p at SOkHz 
0.012 
% 
plus Noise 


DIGITAL 
INPUTS 


Input High Voltage 
VINH 
2.4 
V 


Input Low Voltage 
VINL 
08 
V 


Input Leakaqe 
Current 
IIN 
VIN = OV or Voo 
1.0 
IlA 


Input Capacitance 
CIN 
(Note 2) 
10 
pF 


DYNAMIC 
PERFORMANCE 
(RL = 5kQ, CL = 100pF) 


Voltaqe-Output 
Slew Rate 
5 
Vflls 


Output 
Settlinq Time 
To ±lf2LSB 
of full scale 
3 
!Is 


Digital Feedthrough 
S 
nV-s 


DiQital Crosstalk 
5 
nV-s 


POWER 
SUPPLIES 


Positive Supply 
RanQe 
Voo 
10.8 
16.S 
V 


Negative 
Supply 
RanQe 
Vss 
-4S 
-S.S 
V 


Positive Supply 
Current 
100 
(Note 3) 
TA = +2S·C 
11 
20 
mA 
28 


Negative 
Supply 
Current 
Iss 
(Note 3) 
TA = +2S·C 
8 
18 
mA 
26 


Note 1: 
See Reference 
Input section. 


Note 2: Guaranteed 
by design. 
Not production 
tested. 


Note 3: Digital 
inputs at 2.4V; with digital 
inputs at OV, 100 decreases 
typically 
by 1 SmA at +25·C. 


TIMING CHARACTERISTICS 
- MAX526 


(Voo = + 15V, Vss = -5V, VREF = 10V, AGND 
= DGND = OV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CS Pulse Width 
tcs 
100 
ns 
W1i Pulse Width 
tWR 
100 
ns 


CS to WR Setup 
tcws 
0 
ns 


CStoWR 
Hold 
tCWH 
0 
ns 


Data Valid to WR Setup 
tos 
75 
ns 


Data to W1i Hold 
tOH 
10 
ns 


IT5AC Pulse Width 
tLOAC 
120 
ns 


Address 
to WIi Setup 
tAS 
25 
ns 


Address 
to W1i Hold 
tAH 
0 
ns 


Calibrated Quad 12-8it Voltage-Output 
D/A Converters 


ABSOLUTE 
MAXIMUM 
RATINGS - MAX527 


VDD to AGND to DGND 
. 
-0.3V, + 12V 
Vss to AGND to DGND 
-7V, +0.3V 
Digital 
Input Voltage 
to AGDN to DGND 
. 
0.3V, VDD + 0.3V 
VREF to AGND to DGND 
. 
-0.3V, VDD + 0.3V 
VOUT to AGND to DGND 
. 
VDD, VSS 


Maximum 
Current 
into Any Pin 
SOmA 
Continuous 
Power Dissipation 
(TA = + 70·C) 


Plastic 
DIP (derate 
13.33mWrC 
above 
+70·C) 
733mW 
Wide SO (derate 
11.76mWrC 
above 
+70·C). 
647mW 


Ceramic 
SB (derate 
1429mWrC 
above 
+70·C) 
1143mW 


Stresses 
beyond 
those 
listed 
under 
'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


Operating 
Temperature 
Ranges: 


MAXS27 _C_G 
, 
. 


MAXS27 _E_G 
. 


MAXS27 _MYG 
. 


Storage 
Temperature 
Range 
Lead Temperature 
(soldering, 
10 sec) . 


O·C to +70·C 
-40·C to +8S·C 


-SS·C to +12S·C 
-6S·C to + 1S0·C 


+300·C 


ELECTRICAL 
CHARACTERISTICS 
- MAX527 


(VDD = +SV, VSS = -SV, VREF = +2.SV, AGND 
= DGND = OV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC 
PERFORMANCE 
- ANALOG 
SECTION 
(RL = 5kQ, CL = 100oF) 


Resolution 
N 
12 
Bits 


Integral 
Nonlinearity 
INL 
MAXS27A 
±O.1S 
±O.SO 
LSB 
MAXS27B 
+1 


Differential 
Nonlinearity 
DNL 
Guaranteed 
monotonic 
+1 
LSB 


MAXS27A 
TA = +2S·C 
±3 


MAXS27B 
+6 


MAXS27AC 
+6 


Offset Error 
MAXS27BC 
+9 
mV 


MAXS27AE 
r 
+7 


MAXS27BE 
+11 


MAXS27AM 
+9 


MAXS27BM 
+12 


Gain Error 
-0.1 
+1.0 
LSB 


6Gain/tNDD 
VDD from +4.SV to +S.SV 
±O.002 
±O.02 


Power-Supply 
Rejection 
6Gain/6Vss 
VSS from -4.SV to -S.SV 
TA = +2S·C 
+0.002 
+0.02 
LSB/% 


60ffseV6VDD 
VDD from +4.SV to +S.SV 
+O.OOS 
±O.OS 


60ffseV6Vss 
VSS from -4.SV to -S.SV 
+O.OOS 
±O.OS 


MATCHING 
PERFORMANCE 


Gain Error 
TA = +2S·C 
0.1 
±1.0 
LSB 


Offset 
Error 
MAXS27AC/AE 
TA = +2S·C 
O.S 
+S 
LSB 
MAXS27BC/BE 
O.S 
±10 


Intearal 
Nonlinearity 
INL 
MAXS27 AC/AE/BC/BE 
TA = +2S·C 
02 
+1.0 
LSB 


REFERENCE 
INPUT 
(Note 1) 


Reference 
Input Range 
REF 
I 
1.2 
VDD-220 
V 


Reference 
Input Resistance 
RREF 
I 
S 
kQ 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 
- MAX527 


(Voo = +5V, Vss = -5V, VREF = +2.5V, AGND = DGND = OV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MULTIPLYING 
MODE 
PERFORMANCE 


Reference 
3dB Bandwidth 
700 
kHz 


Reference 
Feedthrough 
400Hz 
-100 
dB 


4000Hz 
-82 


Total Harmonic 
Distortion 
THD+N 
VREF = 850mVp_p at 100kHz 
0024 
% 
plus Noise 


DIGITAL 
INPUTS 


Input High Voltage 
VINH 
2.4 
V 


Input Low Voltage 
VINL 
0.8 
V 


Input Leakage 
Current 
IIN 
VIN = OV or Voo 
1.0 
J.IA 


Input Capacitance 
CIN 
(Note 2) 
10 
pF 


DYNAMIC 
PERFORMANCE 
(RL = 5kn, 
CL = 100pF) 


Voltage-Output 
Slew Rate 
3 
V/J.IS 


Output 
Settling 
Time 
To ±1/2LSB 
of full scale 
5 
J.Is 


Digital Feedthrough 
5 
nV-s 


Digital Crosstalk 
5 
nV-s 


POWER 
SUPPLIES 


Positive Supply 
Range 
Voo 
4.75 
5.5 
V 


Necative 
Supply 
Rance 
VSS 
-4.5 
-55 
V 


Positive Supply 
Current 
100 
Note 4 
TA = +25·C 
5.5 
12 
mA 
18 


Negative 
Supply 
Current 
Iss 
Note 4 
TA = +25·C 
36 
10 
mA 
16 


Note 
1: See Reference 
Input section. 
Note 2: Guaranteed 
by design. 
Not production 
tested. 


Note 4: 
Digital 
inputs at 2.4V. 


TIMING CHARACTERISTICS 
- MAX527 


(Voo = +5V, VSS = -5V, VREF = +2.5V, AGND 
= DGND = OV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CS Pulse Width 
tcs 
MAX527 
C/E 
180 
ns 
MAX527 
M 
200 


WR Pulse Width 
tWR 
MAX527 
C/E 
180 
ns 
MAX527 
M 
200 


CS to WR Setup 
tcws 
0 
ns 
CS toWR 
Hold 
tcwH 
0 
ns 


Data Valid to WR Setup 
tos 
75 
ns 


Data to WR Hold 
tOH 
0 
ns 


lJJi'iC Pulse Width 
tLOAC 
MAX527 
C/E 
120 
ns 


MAX527 
M 
150 


Address 
to WR Setup 
tAS 
25 
ns 


Address 
to WR Hold 
tAH 
0 
ns 
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MAX526 
REFERENCE 
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MAX526 
THO + NOISE 
AT OAC OUTPUT 


vs. REFERENCE 
FREQUENCY 
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MAX526 
REFERENCE 
FEEDTHROUGH 
AT 400Hz 


tl0V 


VREF__ 


1mS/div 
TOP: REFERENCEIN 5V/div 
BOTTOM: VOUTA100~V/div 
INPUT CODE = ALL Os 


MAX526 
POSITIVE 
SETTLING 
TIME TO FULL-SCALE 
STEP - ALL BITS OFF TO ALL BITS ON 


DIGITAL 
INPUT 
(5V/div) 


MAX526 
DYNAMIC 
RESPONSE 
ALL BITS OFF, ON, OFF 


DIGITAL 
INPUT 
(5V/div) 


MAX526 
REFERENCE 
FEEDTHROUGH 
AT 4000Hz 


1~S/div 
TOP REFERENCEIN 5V/div 
BOTTOM: VOUTA200~V/div 
INPUT CODE = ALL Os 


MAX526 
NEGATIVE 
SETTLING 
TIME TO FULL-SCALE 
STEP - ALL BITS ON TO ALL BITS OFF 


MAX526 
DIGITAL 
FEEDTHROUGH 
(GLITCH 
IMPULSE) 


50ns/div 


TOP 
DIGITAL TRANSITION ON ALL OATA BITS 5V/div 


BOTTOM: OAC OUPUT WITH WR HIGH 50mV/div 
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t-.. 
~ 


~; 
10 


~ 
;;:- 
~ 
g 


~ 


~ 
~ 
cc=>'-' 
-2 
i 


~ 
"-=> 
</) 
-6 


MAX527 
SUPPLY 
CURRENT 
vs. 
TEMPERATURE 


I 
I 


100 


,Iss 


I, .1 
- 
Voo: +SV 
Vss: 
-SV 
ALL LOOICINPUTS: 2AV 


-10 


-60 
-20 
20 
60 
100 


TEMPERATUREeC) 


20 


10 


~~ 
-10 
~ 
=> 
0 
-20 
~ 


~ 


-30 


-40 


-so 
lk 
10k 
lOOk 
1M 
10M 


FREQUENCY(Hz) 


.08400 


.07200 
~ 
.06000 
~ 
</) 
.04800 
isz 
+ 
.03600 
0 
i" 


.02400 


01200 


MAX527 
OFFSET 
ERROR 
vs. Vss 


2 


1.S 


iii~ 
>- 


O.S 
'-'~ 
=>'-''-'«~ 
-O.S 
> 
~ 
-1 


-l.S 


MAX527 


RELATIVE 
ACCURACY 


vs. VREF 


Voo: 
~SV 


Vss: 
-SV 


TA: +2S"C 


-/ 
/ ,., - 
/ 
/ 
/ 
/j/;'-- 
V 
\ 


2 
3 


VREF(V) 


Voo: 
+SV 


LQAD 
SkQ 111oopF 
VREF- 2.SV 
TA: +2S"C 


Voo: +SV 
Vss: 
-SV 


.07200 
TA: +2S"C 


~ 
.06000 


VREFAB.CD: 8S0mVl>-p; 
FREQ: SWEPT 
~ 
INPUT CQDE: ALL 15 
V> .04800 
LOAD: 2kn II lOOpF 
isz 
+ 
.03600 
0 
i" 
.02400 


.01200 


00 


10k 
lOOk 
200k 


FREQUENCY(kHz) 


-3 
-2 


Vss (V) 


MAX527 
THO + NOISE AT DAC OUTPUT 


.09600 vs. REFERENCE 
FREQUENCY 


-voo:~SV 
I 
I 
I 
I I 


vss: 
-SV 


_ TA:+2S"C 


VREFAB,CD: BSOmVl>-p 


-iN~3tlo~~P!ALL 
15 
/ 
_ LOAD: Skn 1l1oopF 


// 


00 


10 


MAX527 
FULL-SCALE 
ERROR 
vs. LOAD 


'"~ 
cc 
~ 


-1 
~ 
-2 
<t'-' 
V>~ 
-3 


G: 
-4 


Voo: +SV 
Vss: 
-SV 


VREF: 2.500V 
TA: +2S"C 


".- 


lk 


LOAD(Q) 
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MAX527 
REFERENCE 
FEEDTHROUGH 
AT 400Hz 


Typical Operating Characteristics 
(continued) 


MAX527 
REFERENCE 
FEEDTHROUGH 
AT 4000Hz 


4V 


VREF__ 


OV 


6O~V 


VOUT_ 
o~v 


lmS/div 


TOP: REFERENCEIN 2V/div 
SODOM: 
VOUTA2O~Vldiv 
INPUT CODE = ALL Os 


l()()~s/div 


TOP REFERENCEIN 5V1div 
SODOM: 
VOUTA50~V/div 


INPUT CODES = ALL Os 


MAX527 
NEGATIVE 
SETTLING 
TIME TO FULL-SCALE 
STEP-ALL 
BITS ON TO ALL BITS OFF 


MAX527 
POSITIVE 
SETTLING 
TIME TO FULL-SCALE 
STEP-ALL 
BITS OFF TO ALL BITS ON 


MAX527 
DYNAMIC 
RESPONSE 
ALL BITS OFF, ON, OFF 


MAX527 
DIGITAL 
FEEDTHROUGH 
(GLITCH 
IMPULSE) 


200ns/div 


TOP DIGITAL TRANSITION ON ALL DATA SITS 5V1div 
SODOM: 
DAC OUPUT WITH ViR HIGH 50mVldiv 
___________________________________ 
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PIN 
NAME 
FUNCTION 


1 
VOUTC 
DAC C Output Voltage 


2 
VOUTB 
DAC B Output 
Voltage 


3 
VOUTA 
DAC A Output 
Voltage 


4 
VSS 
Negative 
Power Supply 


5 
AGND 
Analog 
Ground 


6 
VREFAB 
Reference 
Voltage 
Input for DAC A 
and DAC B 


7 
DGND 
Digital 
Ground 


Load DAC Input (active 
low). 
Driving 
this 


8 
LDAC 
asynchronous 
input low transfers 
the con- 
tents of each input register 
to its respec- 


tive DAC register 


9 
07 
Data Bit 7 


10 
06 
Data Bit 6 


11 
05 
Data Bit 5 


12 
04 
Data Bit 4 


Data Bit 11 (MSB) if CS1VlSB is low and 
13 
011/03 
CSISB 
is high. 
Dat't~t§JMSB) 
if 
CS1VlSB is h~gh and 
is low. 


Data Bit 10 (MSB) if CS1VlSB is low and 


14 
010/02 
CSCSB 
is high. 
Dat't~it§ 
(MSB) if 


CS1VlSB is high and 
L B is low. 


Data Bit 9 (MSB) if CS1VlSB is low and 


15 
09//01 
CS[SB 
is high. 
Dat~MSB) 
if 


CS1VlSB is h~gh and 
L B is low. 


Data Bit 8 (MSB) if ~ 
is low and 
16 
08/00 
CSCSB 
is high. 
Dat't~it~ 
(MSB) if 
CS1VlSB is high and 
L 
B is low. 


17 
A1 
DAC Address 
Select 
Bit (MSB) 


18 
AO 
DAC Address 
Select 
Bit (LSB) 


19 
VREFCD 
Reference 
Voltage 
Input for DAC C 
and DAC 
0 


- 
~s~dnput 
(active 
low). 
WR along with 


20 
WR 
Band 
CS[SB 
load data into the 
DAC input register 
selected 
by A 1 and AO. 


-- 
Chip Select for LS By1e (active 
low). 
21 
CSLSB 
Selects 
the lower 8 bits of the addressed 
input register. 


CSMSB 


Chip Select for MS Nibble 
(active 
low). 


22 
Selects 
the upper 
4 bits of the addressed 
input reoister. 


23 
VDD 
Positive 
Supply 
Voltage 


24 
VOUTD 
DAC 0 Output 
Voltaoe 


______ 
Detailed Description 


Analog Section 


The MAX526/MAX527 
contain 
four voltage output DACs. 


The DACs are "inverted' 
R-2R ladder 
networks 
that con- 


vert 
12-bit 
digital 
inputs 
into equivalent 
analog 
output 


voltages 
in proportion 
to the applied 
reference 
voltages. 


The MAX526/MAX527 
have two 
reference 
inputs: 
one 
shared 
by DAC A and DAC B (VREFAB), 
and the other 
shared 
by DAC C and DAC D (VREFCD) 
These inputs 


allow different 
full-scale 
output 
voltage 
ranges 
for each 


pair of DACs (Figure 
1). 


Reference Input 


The MAX526/MAX527 
can be used 
for multiplying 
ap- 
plications. 
The reference 
accepts 
both DC and AC sig- 
nals. 
The voltage 
at each VREF input sets the full-scale 


output 
voltages 
for its respective 
DACs. 
The input im- 
pedance 
of the VREF inputs 
are code 
dependent, 
with 


the lowest value (typically 
6kQ for VREFAB or VREFCD) 


occuring 
when the input code 
is 010101010101. 
The 


maximum 
value, typically 
60kQ, occurs 
when the input 


code 
is 0000 0000 0000. 
Since the input impedance 
at 
VREF is code dependent, 
load regulation 
of the reference 


used is important. 
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The guaranteed 
minimum 
input impedance 
of each ref- 


erence 
input of the MAXS26/MAXS27 
is SkQ. 
When the 


reference 
inputs 
are driven 
from the same 
source, 
the 


minimum 
impedance 
that must be driven 
by the refer- 


ence source 
is 2.SkQ. 
A voltage 
reference 
such as the 


MAX674 would 
typically 
deviate 
by 0.16SLSB 
(O.33LSB 


worst case) 
when simultaneously 
driving 
both MAXS26 


reference 
inputs 
at 10V. 
Improve 
accuracy 
by driving 


VREFAB and VREFCD separately 
or by using a reference 


with 
superior 
load 
regulation, 
such 
as 
the 


MAX670/MAX671. 


Using an op amp to buffer the reference 
is another 
way 


to obtain 
high 
accuracy. 
The closed-loop 
output 
im- 


pedance 
of the op amp 
should 
be kept 
below 
O.OSQ. 
This ensures 
errors 
of less than 0.08LSB 
when 
driving 
both 
reference 
inputs 
simultaneously. 
The MAX400 
or 


OP07 
are 
suitable 
for 
this 
application. 
The 
input 


capacitance 
at VREF is also code 
dependent 
and typi- 


cally varies from 12SpF to 300pF. 


VOUTA-D are represented 
by a digitally 
programmable 


voltage 
source 
as: 


VOUT = (NB x VREF) / 4096 


where NB is the numeric 
value of the DAC's binary input 


code (0 to 409S). 


Output Buffer Amplifiers 


All MAXS26/MAXS27 
voltage 
outputs 
are internally 
buf- 


fered by precision 
unity-gain 
followers 
with a typical 
slew 


rate of SV/!!S for the MAXS26 and 3V/!!s for the MAXS27. 


With a full-scale 
transition 
at the MAXS26 output 
(OV to 


+ 10V or + 10V to OV), the typical 
settling 
time to ±1/2LSB 


is 3!!s when loaded with SkQ in parallel with 1OOpF(loads 
less than 
SkQ degrade 
performance). 
Typical 
output 


dynamic 
response 
and 
settling 
performance 
of the 


MAXS26 output amplifier 
are shown in the TypicalOperat- 


ing Characteristics 
section. 


With a full-scale. transition 
at the MAXS27 output 
(OV to 


+2.SVor 
+2.SV to OV), the typical 
settling time to ±1/2LSB 


is S!!S when loaded with SkQ in parallel with 100pF (loads 
less than 
SkQ degrade 
performance). 
Typical 
output 


dynamic 
response 
and 
settling 
performance 
of the 
MAXS27 
output 
amplifiers 
are 
shown 
in the 
Typical 


Operating 
Characteristics 
section. 


Digital Inputs and Interlace 
Logic 


Digital inputs are compatible 
with both TIL and SV CMOS 


logic. 
The MAXS26/MAXS27 
interface with microproces- 


sors using an 8-bit-wide 
data bus. 
The double-buffered 


input structure 
consists 
of a 12-bit (8 + 4) input register 


and 
a 12-bit 
DAC register 
for each 
of the four DACs. 


Each DAC's 
analog 
output 
reflects 
the data 
held in its 


DAC register. 
Address 
lines AOand A 1 select which DAC 
receives 
data from the data bus, as shown in Table 1. All 


MAXS26/MAXS27 
control 
inputs are level-triggered. 
Fig- 


ure 2 shows the MAXS26/MAXS27 
input control 
logic. 


Table 1. DAe Addressing 


A1 
AD 
SELECTED 
INPUT REGISTER 


L 
L 
DAC A Input Reqister 


L 
H 
DAC B Input Reqister 


H 
L 
DAC C Input Register 


H 
H 
DAC 0 Input Register 


CSMSB, CSLSB, and WR load from the data bus to the 
~ut 
register selected 
by AO and A 1. Pulling CSLSB and 
WR low loads the lower 8 bits of the input register, 
while 
CSMSB and WR load the upper 4 bits. The order in which 
the data is loaded 
into the input register 
(i.e. upper 4 bits 


first or lower 8 bits first) is not important. 
It is possible 
to 


concurrently 
load the full 12 bits of the input register 
by 


pulling CSLSB, CSMSB, and WR low. Note that the same 
data will be written to the 4MSBs (D 11-D8) and the 4LSBs 
(D3-DO), respectively. 
If the DACs are configured 
in the 


unipolar 
output 
mode 
(see Figure 
5 and Table 
3), this 


method 
can be used to quickly 
zero the DAC outputs. 


Data 
is latched 
into the selected 
input 
register 
on the 
risin 
ed 
e of WR. Alternativel 
,data 
will be latched 
into 
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t-- 
Table 2. Write-Cycle 
Truth Table 


~ 


~i 
~ 
~ 


~; 


CSLSB 
CSMSB 
WR 
LDAC 
FUNCTION 


L 
H 
L 
H 
Loads LS byte into selected 
input register 


L 
H 
S 
H 
Latches 
LS byte into selected 
input register 


S 
H 
L 
H 
Latches 
LS byte into selected 
input register 


H 
L 
L 
H 
Loads 
MS nibble 
into selected 
input register 


H 
L 
S 
H 
Latches 
MS nibble 
into selected 
input register 


H 
S 
L 
H 
Latches 
MS nibble 
into selected 
input register 


X 
X 
H 
L 
Transfers 
data from input registers 
into DAC registers. 
DAC outputs 
reflect data held in 
their respective 
input reqisters 


H 
H 
H 
S 
Latches 
the four DAC reqisters. 
Input reqisters 
cannot 
be written to. 


H 
L 
L 
L 
Loads 
MS nibble 
into selected 
input register 
and loads input reqisters 
into DAC reqisters. 
S 
X 
H 
H 
No operation. 
Device 
is not selected 


L 
L 
L 
L 
Loads all 12 bits of selected 
input register. 
Transfers 
data from input registers 
into DAC 
registers. 
DAC outputs 
reflect data held in their respective 
input registers. 


L 
L 
L 
H 
Loads all 12 bits into selected 
input register. 


L 
H 
L 
L 
Loads 
LS byte into selected 
input register. 
Transfers 
data from input registers 
into DAC 
registers. 
DAC outputs 
reflect data held in their respective 
input registers. 


H 
H 
L 
L 
Transfers 
data from input registers 
into DAC registers. 
DAC outputs 
reflect 
data held in 
their respective 
input registers. 


H 
H 
L 
H 
No operation 
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the lower 8 bits of the input register on the rising edge of 
CSLSB, and the upper 4 bits will be latched 
on the rising 


edge of CSMSB. 


Data is transferred 
from all input 
registers 
to the DAC 


registers 
by pulling 
LDAC low. 
This simultaneously 
up- 


dates all four DACs. 
Since LDAC is asynchronous 
with 


respect 
to WR, be sure that incorrect 
data is not latched 


to the output 
Table 2 shows the truth table for operation 


of WR, LDAC, CSLSB, and CSMSB. 
Figure 3 shows the 


MAX526 /MAX527write-cycle 
timing. 
_____ 
App'ication 'nformation 


Ground Management 


Digital or AC transient signals between AGND and DGND 
can 
create 
noise 
at the analog 
outputs. 
It is recom- 


mended 
that AGND 
and DGND 
be tied together 
at the 


DAC and that this point 
be tied to the highest 
quality 
ground available. 
If separate 
ground buses are used, two 


clamp 
diodes 
(1N914 
or equivalent) 
should 
be 
con- 


nected 
in inverse 
parallel 
between 
AGND 
and 
DGND. 


This will ensure that the two ground 
pins always remain 


within one diode drop of each other. 


Careful PCB ground layout minimizes crosstalk between DAC 
outputs, reference inputs, and digital inputs. Figure 4 shows 
a suggested 
circuit-board 
layout for minimizing crosstalk. 


Unipolar Output 


In unipolar 
operation, 
the output 
voltages 
and the refer- 


ence 
inputs are the same polarity. 
Figure 5 shows the 


MAX526/MAX527 
unipolar 
output 
circuit 
The unipolar 


output 
codes are listed in Table 3. 


Table 3. Unipolar 
Code Table 


DAC CONTENTS 


MSB 
LSB 


1111 
1111 
1111 
VREFf'~J 
+ 
4096 


1000 
0000 
0001 
2049 
+VREF 
4096 


1000 
0000 
0000 
+VREF(2048)= 
+VREF 
4096 
2 


0111 
1111 
1111 
VREf'] 


+ 
4096 


0000 
0000 
0001 
+VREF 
40~6 


0000 
0000 
0000 
OV 


.MAXI.M 


MAX526 
MAX527 


.MAXI.M 


MAX526 
MAX527 


Bipolar Output 


The 
MAX526/MAX527 
outputs 
may 
be configured 
for 
bipolar output operation 
using Figure 6's circuit 
One op 


amp and two resistors 
are required 
per channel. 
With 


R1 = R2 


VOUT = VREF ((2Ns / 4096) -1) 


where Ns is the numeric 
value of the DAC's binary input 


code. 


Table 4 shows the digital 
code vs. output voltage 
for the 


circuit 
in Figure 6. 
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Using an AC Reference 


In applications 
where VREF has AC signal components, 
the MAX526/MAX527 
have multiplying 
capability 
within 
the VREF input range 
specifications. 
Figure 
7 shows 
a 
technique 
for applying 
a sine wave signal to the reference 
input where the AC signal is offset before being applied 
to VREF. 
Note that VREF must never be more negative 
than OGNO. 


Total 
harmonic 
distortion 
plus 
noise 
(THO + N) of the 
MAX526 is typically 
less than 0.012% with input frequen- 


cies 
up to 35kHz 
for 5Vp-p swing; 
up to 50kHz 
for 2V 
swing. 
The typical 
-3dB frequency 
is 700kHz, 
as shown 
in the Typical Operating 
Characteristics 
graphs. 


For the MAX527, 
THO + N is typically 
less than 0.024% 
with 
input 
frequencies 
greater 
than 
100kHz, 
a signal 
amplitude 
of 850mV, 
and a load of 5kQ in parallel 
with 
100pF. 
With a 2kQ 
load 
in parallel 
with 
100pF, 
the 
MAX527's 
THO is below 0.024% for input frequencies 
up 
to 95kHz. 


Table 4. 
Bipolar 
Code Table 


DAC CONTENTS 
ANALOG 
OUTPUT 
MSB 
LSB 


1111 
1111 
1111 
VREf'] 


+ 
2048 


1000 
0000 
0001 
+VREF 
20~8 


1000 
0000 
0000 
OV 


0111 


f ' J 


1111 
1111 
-VREF 28 


0000 
0000 
0001 
-VREF 
2~~7 
2048 


0000 
0000 
0000 
-VREF 
(2048) 
= -VREF 


2048 


NOTE: 
1LSB = (VREF) (40~6) 


NOTES: 
() ARE FOR MAX527 
VREF IS THE SElECTED 
REFERENCE 
INPUT FOR THE MAX526/MAX527 
VOUT 


DAC 
OUTPUT 


Offsetting AGND 


AGNO 
can 
be biased 
above 
OGNO to provide 
an ar- 
bitrary nonzero output voltage 
for a "0" input code. 
This 
application 
is shown 
in Figure 8. 
The output 
voltage 
at 
VOUTA is: 


VOUTA = VBIAS + NB x VIN 


where NB is the numeric 
value of the OAC's binary input 
code. 
Since 
AGNO 
is common 
to all four 
OACs, 
all 
outputs will be offset by VBIAS in the same manner. 
Note 
that AGNO 
should 
not be biased 
more 
negative 
than 


OGNO 


+15V 
(+5V) 


AC 
15k 


REFERENCE 
INPUT 
-1 


+4V (+750mV) 
ru 


-4V 
(-750mV) 
2 


VOUTB 


AIIAXIAII 


MAX526/MAX257 


VSS 
AGND 
DGND 


4 
5 
7 
-5V 
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Supply Voltage and Decoupling 


For full MAX526 
performance, 
VOO should 
be 4V higher 


than VREF in the 10.8V to 16.5V range. 
When using the 
MAX527, Voo should be at least 2.2V higher than VREF in 
the 4.75V t05.5V range. Both VOOand Vss supplies should 
be bypassed 
with a 4.7~F capacitor 
in parallel with a O.1~F 


capacitor 
to AGND, with short lead lengths as close to the 


supply pins as possible. 


NOTES () ARE FOR MAX527 
OIGITAL INPUTS NOT SHOWN. 


Figure 8. AGNO 
Bias Ci'rcuit 


Power-Supply 
Sequencing 


On power-up, 
Vss should 
come 
up first, Voo 
next, fol- 


lowed by VREFAB or VREFCD. 
If supply 
sequencing 
is 
not possible, 
tie an external Schottky 
diode between 
VSS 
and AGND as shown in Figure 9. 


.MAXlNI 
Vss 
4 
MAX526 


AGNO 
5 
MAX527 


Figure 
9 
When Vss and Vaa cannot 
be sequenced, 
tie a 
Schottky 
diode 
between 
Vss and AGNO 
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PART 
TEMP. 
RANGE 
PIN·PACKAGE 
INL 
(LSBs) 


MAXS27ACNG 
O"C to +70"C 
24 Narrow Plastic DIP 
±1/2 


MAXS27BCNG 
O"C to +70"C 
24 Narrow Plastic DIP 
±1 


MAXS27ACWG 
O"C to +70"C 
24 Wide SO 
±1/2 


MAXS27BCWG 
O"C to +70"C 
24 Wide SO 
±1 


MAXS27BC/D 
O"C to +70"C 
Dice" 
±1 


MAXS27AENG 
-40"C to +8S"C 
24 Narrow Plastic DIP 
±1/2 


MAXS27BENG 
-40"C to +8S"C 
24 Narrow Plastic DIP 
±1 


MAXS27AEWG 
-40"C to +8S"C 
24 Wide SO 
±1/2 


MAXS27BEWG 
-40"C to +8S"C 
24 Wide SO 
±1 


MAXS27AMYG 
-SS"C to +12S"C 
24 NarrowCeramk;SB- 
±1/2 


MAXS27BMYG 
-SS"C to + 12S"C 
24 Nam::MlCeramicSB- 
±1 


• Contact 
factory 
for dice specifications. 
"Contact 
factory 
for availability 
and processing 
to MIL-STO-883. 


_______ 
Genera' Description 


The MAX528/MAX529 
are monolithic 
devices 
consisting 


of an octal 
8-bit 
voltage-output 
digital-to-analog 
con- 
verter 
(DAC) 
with a serial 
interface 
and two reference 
inputs. 
The MAX528 operates 
from a single supply 
up to 
+ 15V or from split supplies 
totaling up to 20V, including 


+5V/-15V, 
+ 12V/-5V, and + 15V/-5V. 
The MAX529 
oper- 
ates from a single +5V supply 
or from ±5V split supplies. 


For both parts, a shutdown 
pin reduces current consump- 


tion to under 50~, 
while retaining all internal DAC data. 


Three output 
modes 
are serially programmable 
for each 
pair of 8 analog outputs. 
An unbuffered 
mode connects 


the internal 
R-2R DAC network 
directly 
to the output 
pin, 
reducing 
power 
consumption 
and avoic;Jing the buffer's 


DC errors. 
A full-buffered 
mode inserts a buffer between 
the R-2R network 
and the output, 
providing 
+5mN-2mA 


output 
drive. 
Half-buffered 
output 
mode 
is similar, 
but 
uses less power while still providing 
up to +5mA of output 
drive in a unipolar 
output 
configuration. 


Serial data can be "daisy-chained" 
from one device 
to 


another. 
On power-up, 
all data bits are reset to 0, and 


analog 
outputs 
enter the unbuffered 
mode. 


__________ 
App'ications 


Digital Gain and Offset Adjustment 


Digital Calibration 


Multiple 
Trim Pot Replacement 


Microcontrolled 
Analog 
Outputs 


REFL2 


REFH2 


OUT? 


OUT6 


OUTS 


OUT4 


Vss 


SHDN 


CS 


~I'I~JXI~I'I 


Octal 8·Bit Serial DACs 


with Output Buffer 


• 
8 Buffered 
Noninverting 
Outputs 


• 
Buffer Disable Control 


• 
2 Pairs of Differential 
Reference 
Inputs 


• 
3-Wire Seriallntertace 


• 
Single +5V or Dual ±5V Supply Opertion (MAX529) 


• 
Low-Power 
Shutdown 


• 
Stable Driving Output Capacitance 
Loads 


______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAXS28CPP 
O'C to +70'C 
20 Plastic 
DIP 


MAXS28CWG 
O'C to +70'C 
24 Wide SO 


MAXS28C/D 
O'C to +70'C 
Dice' 


MAX528EPP 
-40'C 
to +8S'C 
20 Plastic 
DIP 


MAX528EWG 
-40'C 
to +8S'C 
24 Wide SO 


MAXS28MJP 
-SS'C to + 12S'C 
20 CERDIP" 


Ordering 
Information 
continued 
on last page. 


• 
Contact 
factory 
for dice specifications. 
•• Contact factory for availability 
and processing 
to MIL -STD-883. 


_______ 
Functiona' Diagram 


.AIIAX •.••••• 


MAX528 
MAX529 


/Vl/J X I/vl 
Maxim Integrated 
Products 
9-69 
Call toll free 1·800-998·8800 for free samp'es or 'iterature. 


OUT? 


REFL2 
REFH2 


Octal 8·Bit Serial DACs 
with Output Buffer 


ABSOLUTE 
MAXIMUM 
RATINGS - MAX528 


VDD to GND 
. 
-0.3V to + 17V 
VDD to Vss 
. 
-0.3V to +22V 
Vss to GND 
-17V to +0.3V 


REFH 1 - REFL 1, REFH2 - REFL2 . 
-0.3V to + 12V 
REFH 1 - Vss, REFH2 - Vss 
+ 17V 
REFH1, REFH2 
REFL_ - 0.3V to VDD + 0.3V 


REFL 1, REFL2 
Vss - 0.3V to REFH_ + 0.3V 


OUT(1-8) 
. . . . . . . . . 
Vss - 0.3V to VDD + 0.3V 
OUT(1-8)toVss 
. 
+17V 


OUT(1-8)Current. 
. .. ±20mA 


DIN, CLK, CS, DOUT 
-0.3V to VDD + 0.3V 
SHDN 
. 
VSS - 0.3V to VDD + 0.3V 


DOUT Current 
±20mA 
Continuous 
Power Dissipation 
(TA ; 
+70·C) 


Plastic DIP (derate 
11.11mWrC 
above 
+ 70·C) 
Wide SO (derate 
11. 76mWrC 
above 
+ 70·C) 
CERDIP (derate 
11.11mWrC 
above 
+70·C). 


Operating 
Temperature 
Ranges: 


MAX528C __ 
MAX528E __ 
MAX528MJP 
Storage 
Temperature 
Range 


Lead Temperature 
(soldering, 
10 see) . 


. 889mW 
. 941mW 


... 
889mW 


O·C to +70·C 


................ 
-40·C to +85·C 


... 
-55·C to + 125·C 
.. 
-65·C to + 160·C 
+300·C 


Stresses 
beyond 
those listed 
under 
·Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 


operation 
of the device 
at these or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliabifity. 


ELECTRICAL 
CHARACTERISTICS· 
MAX528 


(Unbuffered 
Mode: VDD; 
+ 12V, Vss; 
OV; Full-Buffered 
Mode: VDD; 
+ 12V, Vss; 
-5V; 
GND; 
OV, REFH ; 
+5V, REFL; 
OV, 


TA ; TMIN to TMAX, unless otherwise 
noted.) 


UNBUFFERED 
MODE 
FULL-BUFFERED 
MODE 
PARAMETER 
SYMBOL 
CONDITIONS 
(Note 
1) 
(Note 
2) 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


STATIC PERFORMANCE 


Resolution 
8 
8 
Bits 


Relative Accuracy 
RLE 
±0.3 
±1.0 
±0.3 
±1.0 
LSB 
(Note 3) 


Differential 
DNL 
Guaranteed 
monotonic 
±O.3 
±10 
±O.3 
±1.0 
LSB 
Nonlinearitv 
(Note 4) 


Full-Scale 
Error 
FSE 
RLOAD; 
open 
±1/2 
LSB 


Gain Error (Note 5) 
RLOAD; 
open 
-0.2 
% 


RLOAD; 
5kn 
00 
-1.3 
-2.5 
% 


Zero-Code 
Error 
±5 
±60 
mV 


Zero-Code 
Tempco 
±5 
±100 
I,J.vrC 


DAC Output 
ROUT 
8.5k 
13k 
20k 
55 
100 
n 
Resistance 


DAC Output 
t.ROUT/ROUT 
0.5 
50 
% 
Resistance 
Match 


VDD Supply 
Rejection 
PSRR--VDD 
DAC code; 
55 (hex) 
01 
1.0 
0.3 
2.0 
mVN 
Ratio (Note 6) 


Vss Supply 
Rejection 
PSRR-Vss 
DAC code; 
55 (hex) 
0.1 
1.0 
0.8 
5.0 
mVN 
Ratio (Notes 4,6) 


REFERENCE 
INPUT 


Voltage 
Range 
REFH 
REFH - REFL ; 
llV 
REFL 
VDD-3 
REFL 
VDD-3 
(Note 7) 
max 
V 
REFL 
Vss 
REFH 
Vss+l.5 
REFH 


Input Resistance 
REFH1/REFL 1, 


or 
DAC code; 
55 (hex) 
20 
3.4 
2.0 
3.4 
kn 
(Note 8) 
REFH2/REFL2 


Input Capacitance 
CREFH 
DAC loaded 
with Os 
40 
40 


pF 
DAC loaded 
with 1s 
250 
125 


AC Feedthrough 


REFH;10kHZ,0-10Vr-p 
sinewave, all DACs a 
-70 
-70 
dB 
code 00 (hex) 


Octal 8·Bit Serial DACs 


with Output Buffer 


ELECTRICAL 
CHARACTERISTICS· 
MAX528 (continued) 


(Unbuffered 
Mode: Voo = + 12V, Vss = OV; Full-Buffered 
Mode: Voo = + 12V, Vss = -5V; 
GND = OV, REFH = +5V, REFL = OV, 
TA = TMIN to TMAX, unless otherwise 
noted.) 


UNBUFFERED 
MODE 
FUll-BUFFERED 
MODE 
PARAMETER 
SYMBOL 
CONDITIONS 
(Note 1) 
(Note 2) 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


POWER 
REQUIREMENTS 


Positive Supply 
Range 
Voo 
10.8 
16.5 
10.8 
16.5 
V 


Negative 
Supply 
Vss 
0 
-5.5 
-1.5 
-5.5 
V 
Range 


Positve Supply 
100 
DIN = CLK = OV, 
0.3 
1.0 
5.5 
90 
mA 
Current 
CS = SHDN = 5V 


Negative 
Supply 
Iss 
DIN = CLK = OV, 
0.1 
05 
5.5 
90 
mA 
Current 
CS = SHDN = 5V 


100 at Shutdown 
100 
SHDN = low 
50 
50 
!!A 


Iss at Shutdown 
ISS 
SHDN = low 
50 
50 
!!A 


DYNAMIC 
PERFORMANCE 
(Note 7) 


To ±1/2LSB; 
CLOAO = 


VOUT Settling 
Time 
20m=.. from rising edge 
1 
3 
0.6 
2.0 
!!s 


ofCS 


Serial input: 
1MHz 
CLK, DIN alternating 
20 
mVp-p 
Digital Coupling 
1s and Os (0.5MHz), 
20 
CL = 20pF, OV to 5V 
input levels at CLK, DIN 


Full-scale 
output 
transi- 
tion on all 7 other 
40 
20 


Crosstalk 
channels 
(eS hiqh) 
nV-s 


1LSB output 
transition 
on all 7 other channels 
2 
10 
(CS high) 


DIGITAL AND SWITCHING 
CHARACTERISTICS 
- MAX528 


(Voo = + 12V, Vss = -5V, REFH = +5V, REFL = ov, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
I UNITS 


DIGITAL 
INPUTS 
DIN, ClK, es, SHDN 


Input High Voltage 
VINH 
DIN, CLK, es 
2.4 
V 


Input Low Voltage 
VINL 
DIN, CLK, CS 
0.8 
V 


Input High Voltage 
VINH 
SHDN 
30 
V 


Input Low Voltage 
VINL 
SHDN 
05 
V 


Input Hysteresis 
DIN, CLK, CS 
0.1 
V 


Input Leakage 
Current 
VIN = OV or Voo 
±1 
!!A 


Input Capacitance 
(Note 7) 
10 
pF 


DIGITAL 
OUTPUT, 
DOUT, open drain outPut, 1kn 
ull-up resistor to +SV 


Output 
Low Voltage 
VOL 
ISINK = SmA 
0.4 
V 


Output 
High Leakage 
ILKG 
VOUT = OV to Voo 
±10 
!!A 


Output 
High Capacitance 
(Note 7) 
COUT 
15 
pF 


Octal B-Bit Serial DACs 
with Output Buffer 


DIGITAL AND SWITCHING 
CHARACTERISTICS 
- MAX528 (continued) 


(VOO = + 12V, Vss = -sv, REFH = +SV, REFl = OV, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


SWITCHING 
CHARACTERISTICS 


ClK 
Pulse Width High 
tCH 
80 
ns 


ClK 
Pulse Width low 
tCL 
80 
ns 


DIN to ClK 
High Setup 
tos 
40 
ns 


DIN to ClK 
High Hold 
tOH 
lS 
ns 


CS low 
to ClK 
High Setup 
tcsso 
SO 
ns 


CS High to ClK 
High Setup 
tCSSl 
SO 
ns 


Delay, ClK 
low 
to low 
CS 
tCSHO 
0 
ns 


Delay, ClK 
High to High CS 
tCSHl 
50 
ns 


CS Pulse Width 
tcsw 
130 
ns 


ClK 
High to DOUT Data Valid 
too 
CLOAO = 20pF, Rpullup = 1kO to SV 
lS 
130 
ns 
(Note 9) 
(Note 7) 


CS low 
to DOUT Enable (Note 10) 
tov 
CLOAO = 20pF, Rpullup = 1kO to SV 
90 
ns 


CS High to DOUT Disable 
lTR 
CLOAO = 20pF, Rpullup = 1kO to SV 
90 
ns 
(Note 10) 


Note 1: 
Unbuffered 
mode - buffers 
disabled. 
No output 
load. 
Note 2: 
Full-buffered 
mode - buffers 
enabled; 
bipolar 
output 
mode; 
RLOAO = SkO. 


Note 3: 
Relative accuracy 
in unbuffered 
mode guaranteed 
by relative accuracy 
test in full-buffered 
mode. 


Note 4: 
Specification 
in Unbuffered 
Mode column 
guaranteed 
by design 
only. 
Not subject 
to test. 


Note 5: 
Gain error with full-buffered 
mode enabled 
= no-load 
gain error - (DAC output 
resistance!RLOAO). 
Example; 
-0.2% typ no- 
load error - (SSQfSkO) = -1.3% typ error for SkO load. 


Note 6: 
PSRR tested over supply 
range specified 
under power requirements; 
PSRR = (VOUTl - VOUT2)!(VSUPPLYl - VSUPPLY2). 


Note 7: 
Guaranteed 
by design, 
not subject 
to test. 


Note 8: 
Input resistance 
tested only under Unbuffered 
Mode conditions 
in Note1 above. 


Note 9: 
VOH = 2.4V, VOL = 0.8V. 


Note 10: tov and lTR are defined 
as the time required 
for DOUT to change 
O.SV. 


Octal B-Bit Serial DACs 


with Output Buffer 


ABSOLUTE 
MAXIMUM 
RATINGS - MAX529 


Voo to GND 
. 
-0.3V to + 7V 
Voo to Vss 
. 
-0.3V to + 12V 


VsstoGND 
-7Vto+0.3V 
REFH 1 - REFL 1, REFH2 - REFL2 . 
-0.3V to + 12V 
REFH1 - Vss, REFH2 - Vss 
+ 12V 
REFH 1, REFH2 
. REFL_ - 0.3V to Voo + 0.3V 
REFL 1, REFL2 
. Vss - 0.3V to REFH_ + 0.3V 
OUT(1-8) 
... 
Vss - 0.3V to Voo + 0.3V 
OUT(1-8)to 
Vss . 
+12V 


OUT(1-8)Current......... 
. 
±20mA 
DIN, CLK, CS, DOUT 
. . . . . . . . . . . 
. -0.3V to VOO + 0.3V 


SHDN 
. . . 
VSS - 0.3V to Voo + 0.3V 


DOUT Current 
. 
Continuous 
Power Dissipation 
(TA = + 70·C) 
Plastic DIP (derate 
11.11mWrC 
above 
+70·C) 
889mW 
Wide SO (derate 
11.76mWrC 
above 
+70·C) 
941mW 
CERDIP (derate 
11.11mWrC 
above 
+70·C) 
889mW 


Operating 
Temperature 
Ranges: 


MAX528C __ 
MAX528E __ 
MAX528MJP 
Storage Temperature 
Range 
Lead Temperature 
(soldering, 
10 sec) . 


O·C to +70·C 


-40·C to +85·C 
-55·C to +125·C 
-65·C to + 160·C 
+3OO·C 


Stresses 
beyond 
those listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 


operation 
of the device 
at these 
or any other 
conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
- MAX529 


(Unbuffered 
Mode: Voo = +5V, Vss = GND = OV, REFH = +2.5V, REFL = OV; Full-Buffered 
Mode: Voo = +5V, Vss = -5V, GND = OV, 


REFH = +2.5V, 
REFL = -2.5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


UNBUFFERED 
MODE 
FULL-BUFFERED 
MODE 


PARAMETER 
SYMBOL 
CONDITIONS 
(Note 1) 
(Note 2) 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


STATIC PERFORMANCE 


Resolution 
8 
8 
Bits 


Relative Accuracy 
RLE 
±O.3 
±1.0 
±O.3 
±1.0 
LSB 
(Note 3) 


Differential 
DNL 
Guaranteed 
monotonic 
±0.3 
±1.0 
±O.3 
±1.0 
LSB 
Nonlinearity 
(Note 4) 


Full-Scale 
Error 
FSE 
RLOAO = open 
±1/2 
LSB 


Gain Error (Note 5) 
RLOAO = open 
-02 
% 


RLOAO = 5kn 
00 
-13 
-2.5 
% 


Unipolar 
Offset Error 
DAC code = 00 (hex) 
±5 
mV 


Bipolar 
Offset Error 
DAC code = 80 (hex) 
±60 
mV 


Offset Error Tempco 
±5 
+100 
lJ,VrC 


DAC Output Resistance 
ROUT 
8.5k 
13k 
20k 
55 
100 
n 


DAC Output 
"'ROUT/ROUT 
0.5 
5.0 
% 
Resistance 
Match 


Voo Supply 
Rejection 
PSRR--Voo 
DAC code = 55 (hex) 
1.5 
5 
3 
10 
mVN 
Ratio (Note 6) 


Vss Supply 
Rejection 
PSRR--Vss 
DAC code = 55 (hex) 
03 
2 
1 
5 
mVN 
Ratio (Notes 4,6) 


REFERENCE 
INPUT 


Voltage 
Range 
REFH 
REFL 
Voo-2.25 
REFL 
Voo-2.25 


V 
(Note 7) 
REFL 
VSS 
REFH 
VSS+1.5 
REFH 


Input Resistance 
REFH1tREFL1, 
or 
DAC code = 55 (hex) 
2.0 
3.4 
2.0 
34 
kn 
(Note 8) 
REFH2/REFL2 


Input Capacitance 
CREFH 
DAC loaded 
with Os 
40 
40 
pF 
DAC loaded 
with 1s 
250 
125 


Octal 8·Bit Serial DACs 
with Output Buffer 


ELECTRICAL 
CHARACTERISTICS 
- MAX529 (continued) 


(Unbuffered 
Mode: Voo = +5V, Vss = GND = ON, REFH = +2.5V, REFL = OV; Full-Buffered 
Mode: Voo = +5V, VSS = -5V, GND = OV, 


REFH = +2.5V, 
REFL = -2.5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


UNBUFFERED 
MODE 
FULL-BUFFERED 
MODE 
PARAMETER 
SYMBOL 
CONDITIONS 
(Note 
1) 
(Note 2) 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


REFH=10kHZ,0-2.5Vfil 
-70 
-70 
dB 
AC Feedthrough 
sinewave, all DACs a 
code 00 (hex) 


POWER 
REQUIREMENTS 


Positive Supply 
Range 
Voo 
4.75 
5.25 
4.75 
5.25 
V 


Negative 
Supply 
Vss 
0 
-5.5 
-4.5 
-5.5 
V 
Ranae 


Positve Supply 
100 
DIN = CLK = OV, 
03 
1.0 
5.5 
9.0 
mA 
Current 
CS = SHDN 
= 5V 


Negative 
Supply 
Iss 
DIN = CLK = OV, 
01 
05 
55 
90 
mA 
Current 
CS = SHDN = 5V 


100 at Shutdown 
100 
SHDN = low 
50 
50 
IlA 


Iss at Shutdown 
ISS 
SHDN = low 
50 
50 
IlA 


DYNAMIC 
PERFORMANCE 
(Note 7) 


VOUT Settling 
Time 
To±10.SB; CLC::w:J= <Q:f, 
1 
3 
0.6 
2.0 
IlS 
from rising edge of CS 


Serial input: 
1MHz 


I 
CLK, DIN alternating 


20 
20 
mVp-p 
Digital 
Coupling 
1s and Os (0.5MHz), 
CL = 20pF, OV to 5V 
input levels at CLK, DIN 


Full-scale 
output 
transi- 


tion on all 7 other 
40 
20 


Crosstalk 
channels 
(CS high) 
nV-s 
1LSB output 
transition 
on all 7 other channels 
2 
10 
(CS high) 


DIGITAL AND SWITCHING 
CHARACTERISTICS 
- MAX529 


(Voo = +5V, Vss = -5V, REFH = +2.5V, 
REFL = -2.5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
DIN, CLK, CS 
SHDN 


Input High Voltage 
VINH 
DIN, CLK, CS 
2.4 
V 


Input Low Voltage 
VINL 
DIN, CLK, CS 
0.8 
V 


Input High Voltage 
VINH 
SHDN 
30 
V 


Input Low Voltage 
VINL 
SHDN 
0.5 
V 


Input Hysteresis 
DIN, CLK, CS 
0.1 
V 


Input Leakage 
Current 
VIN = OV or Voo 
±1 
IlA 


Input Capacitance 
(Note 7) 
10 
pF 


DIGITAL 
OUTPUT, 
DOUT, open drain output, 
1.3kQ pUll-up resistor 
to +SV 


Output 
Low Voltage 
VOL 
ISINK = 3.5mA 
0.4 
V 


Output 
High Leakage 
ILKG 
VOUT = OV to Voo 
±10 
IlA 


Output 
High Capacitance 
(Note 7) 
COUT 
15 
pF 


Octal B-Bit Serial DACs 
with Output Buffer 


DIGITAL AND SWITCHING 
CHARACTERISTICS 
- MAX529 (continued) 


(VOO; 
+5V, Vss ; -5V, REFH ; 
+2.5V, 
REFl 
; -2.5V, TA; 
TMIN to TMAX, unless otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
I UNITS 


SWITCHING 
CHARACTERISTICS 


ClK 
Pulse Width High 
tCH 
125 
ns 


ClK 
Pulse Width 
LON 
tCl 
125 
ns 


DIN to ClK 
High Setup 
tos 
50 
ns 


DIN to ClK 
High Hold 
tOH 
20 
ns 


CS low 
to ClK 
High Setup 
tcsso 
50 
ns 


CS High to ClK 
High Setup 
tCSS1 
50 
ns 


Delay, ClK 
low 
to low 
CS 
tCSHO 
0 
ns 


Delay, ClK 
High to High CS 
tCSH1 
50 
ns 


CS Pulse Width 
tcsw 
300 
ns 


ClK 
High to DOUT Data Valid 
too 
ClOAO; 
20pF, Rpullup; 
1kQ to 5V 
20 
200 
ns 
(Note 9) 
(Note 7) 


CS low 
to DOUT Enable 
(Note 10) 
tOY 
ClOAO ; 
20pF, Rpullup 
; 
1kQ to 5V 
120 
ns 


CS High to DOUT Disable 
ITR 
ClOAO ; 
20pF, Rpullup 
; 
1kQ to 5V 
120 
ns 
(Note 10) 


Note 
1: 
Unbuffered 
mode - buffers 
disabled. 
No output 
load. 


Note 2: 
Full-buffered 
mode - buffers 
enabled; 
bipolar 
output 
mode; 
RlOAO ; 5kQ. 


Note 3: 
Relative accuracy 
in unbuffered 
mode guaranteed 
by relative accuracy 
test in full-buffered 
mode. 


Note 4: 
Specification 
in Unbuffered 
Mode column 
guaranteed 
by design 
only. 
Not subject 
to test. 


Note 5: 
Gain error with full-buffered 
mode enabled; 
no-load 
gain error - (DAC output 
resistance/RlOAO) 
Example: 
-0.2% typ no- 


load error - (55n/5kQ) 
; -1.3% typ error for 5kQ load. 


Note 6: 
PSRR tested over supply 
range specified 
under 
power requirements; 
PSRR ; (VOUT1 - VOUT2)/(VSUPPlYl 
- VSUPPlY2). 


Note 7: 
Guaranteed 
by design, 
not subject 
to test. 


Note 8: 
Input resistance 
tested only under 
Unbuffered 
Mode conditions 
in Note1 above. 


Note 9: 
VOH; 
2.4V, VOL; 
0.8V. 
Note 10: tOY and tTR are defined 
as the time required 
for DOUT to change 
0.5V. 


_________________ 
Typical Operating Characterisitics 


MAX528 
MAX528 


HALF-BUFFERED 
GAIN AND LINEARITY 
ERROR 
vs. 
VIN (OUTPUT 
VOLTAGE 
OF 


R-2R LADDER) 


MAX528 
FULL-BUFFERED 
STEP RESPONSE 


FOR VARIOUS 
CODES, 
NO LOAD 


REFH 
INPUT 


~ 
'"'::; 
0 
DAC 
> 
OUTPUT 


RL; 50kn 


RL= 20kn 
OAC CODES 


FFH 


Octal B-Sit Serial DACs 
with Output Suffer 


~ 


~; 


REFH 
as 


INPUT 
>- 


~ 
~ 


~ 


U)~ 
a 
:> 
DAG 
i 


OUTPUT 


DAG 
OUTPUT 


OV 


!S 
SV/div 


§;; 


MAX528 
FULL-BUFFERED 
SETTLING 
TIME 
CODE CHANGE 
(OO-FF-OO) 


REFL_ = OV 
LOAD: Rl = Skn 
Gl = 200pF 
+SV 


GSOV 


U)~ 
+SV 
a 
:> 


DAG 
OUTPUT 


OV 


10V/div 


10V/div 


U) 
SV/div 
~ 
a 
SOmV 
:> 


OV 


MAX528 
FULL-BUFFERED 
SETTLING 
TIME 
CODE CHANGE 
(OO-FF-OO), NO LOAD 


t 
t 


LOAD FF (HEX) 
LOAD 00 (HEX) 


TIME (200ns/div) 


MAX528 
UNBUFFERED 
OFF·CHANNEL 
GLITCH 
CODE CHANGE 
(OO-FF-OO), NO LOAD 


10V/div 


10V/div 


~ 
\ 
:1 
~I.: 
......................... 
,. 
. 
............... 
_ 
_H 
. 
. 
- 
---- 


t 
LOAD FF (HEX) 
t 
LOAD 00 (HEX) 
TIME (200ns/div) 


SV/div 


SOmV 


OV 


MAX528 
FULL-BUFFERED 
OFF-CHANNEL 
GLITCH 
CODE CHANGE 
(OO-FF-OO), NO LOAD 


10V/div 


10V/div 


MAX528 
UNBUFFERED 
OFF-CHANNEL 
GLITCH 


CODE CHANGE 
(7F-80-7F), 
NO LOAD 


GLK 


GS 


OUTO-4, 6, 7 
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MAX528 
FULL-BUFFERED 
OFF-CHANNEL 
GLITCH 
CODE CHANGE 
(7F-80-7F), 
NO LOAD 


ClK 
10V/div 
10V/div 


10V/div 
CS 


~ 
5V/div 
OUTO-4, 6,7 
V>~ 
0 
0 
> 
> 
50mV 
50mV/div 


OV 
OUT5 AT 
CODE00 (HEX) 


MAX528 
UNBUFFERED 
OUTPUT 
GLITCH 
FILTERING 


200pF 


1000pF 


MAX529 
HALF-BUFFERED 
GAIN AND LINEARITY 
ERROR 
Y5. VIN (OUTPUT 
VOLTAGE 
OF 
R-2R LADDER) 


200 


100 
:;- 
§. 
z 
:5f~ 
g 
-100 


-200 


OV 
2.5V 


VIN 


RL = 50kn 
RL = 20kn 


RL = 5kn 
"> 
~ 
§' 


~ 
DAC 
OUTPUT 


MAX529 
FULL-BUFFERED 
STEP RESPONSE 
FOR VARIOUS 
CODES, 
NO LOAD 


DAC CODES 


FFH 


80H 
40H 
20H 


REFl = OV 
lOAD: RL = 5kfl 
CL = 200pF 


~ 
o 
+5V 
> 


MAX529 
FULL-BUFFERED 
SETTLING 
TIME 
CODE CHANGE 
(OO-FF-OO), NO LOAD 


+5V 


CSOV 


t 
t 
lOAD FF (HEX) 
lOAD 00 (HEX) 


TIME (200ns/div) 


with Output Buller 


MAX529 
FULL·BUFFERED 
SETTLING 
TIME 
CODE CHANGE 
IOO·FF·OO) 


DAC 
OUTPUT 
OV 


t 
LOAD FF (HEX) 
t 


LOAD 00 (HEX) 


TIME (200ns/div) 


MAX529 
FULL·BUFFERED 
OFF·CHANNEL 
GLITCH 
CODE CHANGE 
IOO·FF·OO), NO LOAD 


~ 
5V/div 
§: 
50mV 


OV 


~ 
§: 
50mV/div 


10V/div 
10V/div 


~ 
5V/div 
0> 
50mV 


OV 


MAX529 
UNBUFFERED 
OFF·CHANNEL 
GLITCH 
CODE CHANGE 
IOO·FF·OO), NO LOAD 


cs 


OUn-5, 
7,8 
OUTO-4, 6,7 


CLK 


CS 


QUTO-4, 6, 7 


10V/div 
10V/div 


~ 
0> 
5V/div 


50mV 


OV 


MAX529 
UNBUFFERED 
OFF·CHANNEL 
GLITCH 
CODE CHANGE 
IOO·FF·OO), NO LOAD 


OUTO-4, 6, 7 


OUT5AT 
CODE 00 (HEX) 


MAX529 
UNBUFFERED 
OUTPUT 
GLITCH 
FILTERING 


I 
~i_' 
_ 
__: 
__ ~__ 
. 


~~i 
i 
_~ 
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PIN 
NAME 
FUNCTION 


DIP 
SO 


- 
1,12, 
N.C. 
No Connect. 
These pins are not internally 
connected. 
13,24 


1 
2 
REFL1 
Reference 
1 Input Low. 
Must be more negative 
than REFH1 and more positive 
than VSS. 


2 
3 
REFH1 
Reference 
1 Input High. 
Must be more positive 
than REFL 1 and more negative 
than VDD 


3 
4 
OUTO 
Output 
Voltage O. The product 
of the digital 
code for channel 
0 and (REFH1 - REFL 1), referenced 
to REFL 1. 


4 
5 
OUT1 
Output 
Voltage 
1. The product 
of the digital 
code for channell 
and (REFH 1 - REFL 1), referenced 
to REFL 1. 


5 
6 
OUT2 
Output 
Voltage 
2. The product 
of the digital 
code for channel 
2 and (REFH 1 - REFL 1), referenced 
to REFL 1. 


6 
7 
OUT3 
Output 
Voltage 3. The product 
of the digital 
code for channel 
3 and (REFH1 - REFL 1), referenced 
to REFL 1. 


7 
8 
VDD 
Positive Analog 
and Digital Supply. 


8 
9 
DIN 
Digital 
Input. 
CMOS 
and TIL 
compatible 
serial programming 
input. 


9 
10 
CLK 
Clock 
Input. 
CMOS and TIL 
compatible 
clock 
input. 


10 
11 
DOUT 
Digital Output. 
Open-drain 
N-channel 
FET output, 
requires 
external 
pull-up 
resistor; 
serial data 
output, 
shifted 
16 bits from DIN. 


11 
14 
GND 
Digital Ground. 
Connect 
to OV (Analog 
signals 
are referenced 
to their respective 
REFL voltage, 
not GND). 


12 
15 
CS 
CHIP SELECT. 
Connect 
to logic low to program 
serially. 
Connect 
to logic high to latch data and turn off in- 
ternal shift reQister. 
Rising edge 
of CS transfers 
new data into data registers 
and changes 
DAC output. 


13 
16 
SHDN 
SHUTDOWN. 
Connect 
to logic high for normal operation, 
to GND for shutdown 
mode. 


14 
17 
Vss 
Negative 
Analog 
Supply. 
Connect 
to GND for single-supply 
operation. 
Connect 
to negative 
supply 
for bi- 
polar DAC outputs. 


15 
18 
OUT4 
Output Voltage 
4. The product 
of the digital 
code for channel 
4 and (REFH2 - REFL2), referenced 
to REFL2. 


16 
19 
OUT5 
Output Voltage 
5. The product 
of the digital code for channel 
5 and (REFH2 - REFL2), referenced 
to REFL2. 


17 
20 
OUT6 
Output Voltage 
6. The product 
of the digital code for channel 
6 and (REFH2 - REFL2), referenced 
to REFL2. 


18 
21 
OUT7 
Output 
Voltage 
7. The product 
of the digital 
code for channel 
7 and (REFH2 - REFL2), referenced 
to REFL2. 


19 
22 
REFH2 
Reference 
2 Input High. 
Must be more positive 
than REFL2 and more negative 
than VDD. 


20 
23 
REFL2 
Reference 
2 Input Low. 
Must be more negative 
than REFH2 and more positive 
than VSS. 


Octal B-Bit Serial DACs 
with Output Buffer 


______ 
Detailed Description 


Circuit Operation 


The MAX528/MAX529 
contain 8 latched digital-to-analog 


converters 
(DACs), 
8 buffer 
amplifiers, 
2 reference 
in- 


puts, and serial control 
logic. 
Buffer amplifiers 
may also 
be bypassed 
by internal switches, 
allowing 
three output 


modes: 
unbuffered, 
full-buffered, 
and half-buffered. 


Any or all of the 8 voltage 
outputs 
can be programmed 
with 16 serial data bits. 


DAC Output Range 


The MAX528/MAX529 
provide 
8 voltage 
outputs 
(OUTO- 


OUT?) from 2 reference 
inputs. 
Each reference 
voltage 


has 2 input 
pins, 
REFH and 
REFL. 
The OUTO-OUT3 
output voltages 
are derived 
from REFH 1 and REFL 1 while 
OUT4-0UT7 
are derived 
from REFH2 and REFL2. 
For 


each reference, 
REFH must be more positive than REFL. 
A DAC output 
voltage 
is the product 
of its programmed 
8-bit code and its reference 
input voltage. 
For example, 
the output voltage 
of OUT5 is: 


OUT5 = (REFH2 - REFL2) 
(nn/256 + REFL2), 


where 
nn = 8-bit code for OUT5, with a range of 0-255 


(00 to FF hex.) 


The reference 
inputs 
are independent 
of one another. 
REFH can 
range 
within 
3V of VOO. 
REFL can 
be as 
low as Vss 
in unbuffered 
and 
half-buffered 
modes, 
but must 
be at least 
1.5V above 
VSS in full-buffered 


mode. 
For the 
MAX528, 
Vss 
can 
be 
any 
negative 
voltage 
from -15V to OV, provided 
that Voo-VSS 
is no 
more 
than 
20V. 
For the 
MAX529, 
VSS can 
be 
any 
negative 
voltage 
from OV to -5V. 
In all modes, 
REFH 


must be no more 
than 
12V greater 
than 
REFL. 


Although 
the 
MAX528/MAX529 
have 
a digital 
ground 
(GND) pin, they contain 
no internal analog 
ground. 
The 
upper and lower limits of any DAC output are the voltages 
to which 
REFH and REFL are connected. 


Shutdown 


To conserve 
power, 
the MAX528/MAX529 
can be shut 


down by pulling SHDN low. VCC and Vss supply currents 
drop to less than 50IlA, 
but reference 
current will still be 


drawn. Reference 
current is code dependent 
and can be 
reduced to nearly 0 (leakage only) by writing Osto all DACs. 


Note: 
To ensure 
that 
register 
data 
is retained 
during 
shutdown, 
CS must 
be high when 
entering 
or leaving 
shutdown 
mode. 


Buffer Output Modes 


DAC outputs 
can be programmed 
for one of three buffer 


modes: 
unbuffered, 
full-buffered, 
and 
half-buffered. 


Buffers 
must 
be 
activated 
in pairs, 
and 
full- 
or half- 
buffered 
mode 
must 
be selected 
in banks 
of four 
as 
shown in Table 1 (see Digital Interface 
section). 


Table 1. 
Buffer Output-Mode 
Selection 
Codes 


(Address 
00 hex, 06 = X, 07 = 1) 


Mode 
OUTO,1 
OUT2,3 
OUT4,S 
OUTS, 6 


Unbuffered 
05 = 0 
04 =0 
02 = 0 
01=0 
(DO,D3=X) 


05 = 1 
04 = 1 
02 = 1 
01 = 1 
Full-Buffered 


03 = 1 
DO = 1 


05 = 1 
04 = 1 
02 = 1 
01 = 1 


Half-Buffered 


03 = 0 
DO = 0 


Unbuffered Mode 


Unbuffered 
mode connects 
the internal20kn 
R-2R DAC 
network 
(Figure 
1) directly 
to OUT. 
Buffer 
circuitry 
is 


disabled, 
reducing 
power consumption 
as well as offset 
errors 
contributed 
by the internal 
buffer 
amplifier 
(see 


Electrical 
Characteristics). 
Driving 
high-resistance 


loads (1 Mn 
and up) improves 
accuracy. 
Output 
range 
in unbuffered 
mode is from the negative 
supply 
rail (Vss) 


to Voo 
- 3V for the 
MAX528 
(VSS to Voo 
-2.25V 
for 


MAX529) 


Unbuffered 
mode 
also operates 
effectively 
with 
lower 


resistance 
loads, but output 
loading 
may generate 
gain 


(full-scale) 
error. 
This will not affect 
linearity 
because 
DAC output 
resistance 
(between 
8.5kQ and 20kQ) does 
not change 
with code. 
The magnitude 
of the expected 


gain 
error 
is the 
ratio of the 
DAC 
output 
impedance 


(typically 
13kQ) to the DC load resistance 
at the output. 


Another advantage 
of unbuffered 
operation 
is that output 
fi~ering uses small capacitors 
and no resistors. 
The Un- 


buffered 
Output Glitch Filtering photos in the Typical Op- 


erating 
Characteristics 
show 
the feedthrough 
effect 
of 


changing 
all channels 
but one from full-scale to zero. 
On 
the rising edge of CS (top trace), energy is coupled 
into the 


unchanged 
channel 
(2nd trace, 
unfiltered), 
producing 
a 


70mV, 1~ 
pulse for the MAX528, and a 40mV, 5~ 
pulse 


for the MAX529. The third and fourth traces of the MAX528 
photo show how this pulse is suppressed 
using 200pF and 


1000pF load capacitors 
with the MAX528. 
The third trace 


of the MAX529 photo shows this pulse suppression 
using 


a 200pF load capacitor 
with the MAX529. 


Full-Buffered Mode 


Full-buffered 
mode (Figure 
2) activates 
both sections 
of 
the buffer 
amplifer, 
lowering 
the output 
impedance 
to 


typically 
55Q and allowing 
+5mAl-2mA 
output 
currents 
to be supplied. 
The buffer amplifier 
output swing is from 


VSS + 1.5V to Voo - 3V (VSS = + 1.5V to Voo - 2.25V 
for 


MAX529). 
The 
key 
advantage 
of this 
mode 
is that 
changes 
in load current 
cause minimal 
output change. 


Half-Buffered 
Mode 


Half-buffered 
mode (Figure 3) activates 
only the top half 


of the output 
stage, 
and therefore 
sources 
current 
only. 
Its advantage 
is that it maintains output swing to VSS while 
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providing 
a buffered 
output. 
Output swing is from VSS to 


Voo 
- 3V 
(VSS = + 1.5V 
to Voo 
- 2.25V 
for MAX529). 


Current 
consumption 
is reduced 
to 
typically 
1.7mA 
(compared 
to 5.5mA 
for full-buffered) 
if all buffers 
use 


half-buffered 
mode. 


Using an AC Reference 
with the MAX528 


In applications 
where the reference 
has AC signal com- 
ponents, the MAX528 has multiplying 
capability 
within the 


REFH and REFl 
specifications. 
Figure 4 shows a tech- 


nique for attenuating 
an AC signal 
by superimposing 
it 


on 
a DC voltage 
prior 
to 
REFH. 
As the 
DAC 
code 
changes, 
the AC output changes, 
as does the DC level. 


The output DC level is removed 
by capacitively 
coupling 


to the next stage. 
Note that the peak negative 
voltage 
at 


REFH must not swing below REFl. 
________ 
Digita"nterface 


Serial Interlace 


Serial data at DIN is clocked 
in on the rising edge of ClK, 


while CS is low and SHDN is high (Figure 5). Data can be 
loaded at clock rates up to 6.25MHz (4MHz for MAX529). 
logic 
inputs are CMOS and TIl 
compatible. 
The serial 
output 
DOUT is an open-drain 
N-channel 
FET that sinks 


up to 5mA and requires 
an external pull-up 
resistor (typi- 
cally 4.7kQ) to Voo. 
Output 
data changes 
on the rising 
edge of ClK. 


Any 
number 
of MAX528s 
or MAX529s 
can 
be daisy- 


chained 
by connecting 
the DOUT pin of one device 
(with 


pullup 
resistor) 
to the DIN pin of the following 
device 
in 
the chain. 
ClK 
and 
CS are bussed 
together. 
Clock 
period and tcsso (CS low to ClK 
high) must be increased 
to account 
for data delays 
between 
devices. 
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+12V 
O.1J.lF 
~ 


VDD 


oyF f±2VP,P 
OUTO 


lOOk 
AflAXIAfi 


MAX528 


O.lJ.lF 
_ 


oun :F 


REFH1 
lOOk 


MAX400 


O.1J.lF = 
OUT2 


~k 


REFL1 


O.lJ.lF = 


OUT3 r 


k 


Vss 
GNO 


·5V 


Figure 4. 
Using an AC Reference 
with the MAX528 


If capacitive 
loading 
at the OOUT-to-OIN 
junction 
be- 


tween 
two 
devices 
is 50pF 
or less, then the required 


tcsso 
becomes 
the sum of tDV (enable) 
and tDS (setup 
times), 
which 
is 130ns (90ns 
+ 40ns) for MAX528 
and 


tCSSO 170ns (120ns 
+ 50ns) for the MAX529. 


Maximum 
clock rate is influenced 
by pullup resistor size 
as well as capacitive 
loading: 
fCLKmax = 1/(tDO + tDS + 


0.65tRC), where too = 130ns, tDS = 40ns, and tRC is the 
pullup resistor and capacitive 
load product. 
So for a 1kQ 


pullup 
and 50pF load, the MAX528 fCLKmax is 4.7MHz; 


for a 4.7kQ 
pullup 
with 50pF 
load, 
fCLKmax 
drops 
to 


2.8MHz. 
A similar 
calculation 
can 
be 
made 
for the 
MAX529, 
using too = 200ns, and tDS = 50ns. 


DAC Programming 


The MAX528/MAX529 
are programmed 
by 16 data bits 


in two 8-bit bytes, the address 
pointer 
bits (A7-AO) fol- 
lowed by the data byte (07-00). 
These bits enter a shift 
register 
serially through 
DIN: A7 first, and DO last. 
The 
data exits OOUT 16 clock cycles 
later in the same order. 


Data at DIN is shifted 
into the first register 
(while all 16 
register 
bits 
shift forward 
one s~ 
on a rising 
ClK 
edge, 
while holding 
CS low and SHON high. 
This must 


occur 
16 times to load all data bits into the shift registers. 


On the rising edge of CS, data in the 16 shift registers 
is 
transferred 
as addressed 
and ClK 
is disabled. 


There 
are three types 
of instructions: 
NOP, SET OAC, 


and set buffer modes. 


No Operation 


No Operation 
(NOP) is implemented 
when all 8 address 
pointer 
bits (A7-AO) and data bit 07 are logic O. Data in 
06-00 
is ignored. 
When this instruction 
is clocked 
in, no 
registers 
are 
updated 
and 
the 
outputs 
remain 
un- 
changed. 
NOP 
is 
a 
place-saver 
when 
multiple 
MAX528/MAX529s 
are daisy-chained. 


SETDAC 


SET OAC 
is implemented 
when 
at least 
one 
of the 
8 address 
pointer 
bits 
(Al-AO) 
is logic 
1. 
SET OAC 
updates 
the digital 
code 
of any or all OAC 
registers 
(and their corresponding 
OAC outputs) 
to a single 
new 


value. 
The 
new value 
is contained 
in the data 
byte 
(07-00). 
Each 
address 
pointer 
bit (Al-AO) 
selects 
a 


OAC output. 
Any combination 
of outputs 
can be up- 
dated 
simultaneously 
with one 
16-bit 
instruction. 
Re- 
member 
that address 
0000 
0000 
is reserved 
for NOP 
and set buffer 
modes. 


SET OAC does not change 
the buffer modes. 


Set Buffer Modes 


Set buffer 
modes 
is implemented 
when 
all 8 address 
pointer 
bits (A7-AO) 
are logic 
0 and 
data 
bit 07 is 1. 
(see 
Table 
1). 
Data 
in 06 
is ignored. 
When 
this 
instruction 
is issued, 
data 
bits 05-00 
are transferred 
to the 
mode 
registers 
only; 
the 
OAC 
registers 
are 
unchanged. 


Enabling and disabling 
the 8 buffers is done in four pairs 
by data bits 01,02,04, 
and 05. 
01 controls buffers 6 and 
7, 02 controls buffers 4 and 5, 04 controls buffers 2 and 3, 
and 05 controls buffers 0 and 1. A logic 1 enables a buffer 
pair (full-buffered 
or half-buffered 
mode); a logic 0 disables 
a buffer pair (unbuffered 
mode). 


Full-buffered 
and 
half-buffered 
modes 
are set by two 
data bits, DO and 03. 
DO controls 
OUT4 through 
OUT7; 


03 
controls 
OUTO through 
OUT3. 
A logic 
1 enables 


full-buffered 
mode; a logic 0 enables 
half-buffered 
mode. 


These data bits apply 
only when buffer output 
pairs are 


enabled 
by a 1 in 01, 02, 04, or 05. 


The set buffer 
modes 
instruction 
does 
not update 
the 
OAC registers. 
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NOP 


X = Oon't Care 


Set Buffer Modes 
X = Oon't Care (06) 
0& 1 (05) = buffer enable 
for aUTO and aUT1. 
Logic 
1 = buffers 
enabled, 
0 = buffers 
disabled 
(unbuffered 
mode). 
Similar remarks 
apply 
to 2&3 (04), 
4&5 (02), 
and 6&7 (01). 


0/3 (03) = buffer 
modes 
for aUTD-3. 
Logic 
1 = full-buffered 
mode, 
0 = half-buffered 
mode. 
03 has no meaning 
when 04 and 05 are 
both O. 


4/7 (00) = buffer 
modes 
for aUT4-7. 
Logic 
1 = full-buffered 
mode, 
0 = half-buffered 
mode. 
00 has no meaning 
when 01 and 02 are 


both 0 


Example 2: Set all DACs except 
OUT6 to binary value 0000 0000 (00 hex) 
Leave OUT6 unchanged, 
and leave buffer 


states unchanged. 


Example 
3 


X = Oon't Care 


Example 
4: 
(1) Enable OUTO and OUT1 buffers 
in full-buffered 
mode; 
put OUT2 and OUT3 in unbuffered 
mode. 


(2) Enable OUT6 and OUT? buffers in half-buffered 
mode; put OUT4 and OUT5 in unbuffered 
mode. 
Leave DAC data 
unchanged. 
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PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAXS29CPP 
O'C to +70'C 
20 Plastic DIP 


MAXS29CWG 
O'C to +70"C 
24 Wide SO 


MAXS29C/D 
O'C to +70'C 
Dice' 


MAXS29EPP 
-40'C 
to +8S'C 
20 Plastic DIP 


MAXS29EWG 
-40'C 
to +8S'C 
24 Wide SO 


MAXS29MJP 
-SS'C to + 12S'C 
20 CERDIP" 


• 
Contact 
factory 
for dice specifications. 
•• Contact 
factory 
for availability 
and processing 
to MIL -STO-883. 


NOTES: 
X (n): 
PREVIOUS INSTRUCTION OATA 
X (n.1): 
CURRENT INSTRUCTION OATA 


Vss 


SHON 


CS 


GNO 


N.C. 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 
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Complete, Dual, 12-8it, Serial-Input, 


Voltage-Output 
MDAC 


_______ 
General Description 


The 
MAX532 
is a complete, 
dual, 
serial-input, 
12-bit 
multiplying 
digital-to-analog 
converter 
(MDAC) 
with out- 
put amplifiers. 
No external 
user trims 
are required 
to 


achieve 
full specified 
performance. 
The MAX532's 
3- 


wire/4-wire 
serial interface minimizes 
the number of pack- 


age 
pins, 
so 
it 
uses 
less 
board 
space 
than 


parallel-interface 
parts. 
A digital 
output 
pin provides 
for 


cascading 
serial devices. 


When used with microprocessors 
(~Ps) with a serial port, 
the MAX532 minimizes 
digital-noise 
feedthrough 
from its 
logic input pins to its analog 
outputs. 
To further 
reduce 


noise, 
the ~P serial 
port can 
be used 
as a dedicated 
analog 
bus and kept inactive while the MAX532 is in use. 


Serial interfacing 
also simplifies 
opto-coupler-isolated 
or 


transformer-isolated 
applications. 


The MAX532 
is specified 
with ±12V to ±15V power sup- 


plies. 
All logic inputs are TIL 
and CMOS compatible. 
It 


comes 
in space-saving 
16-pin 
DIP and wide SO pack- 


ages. 


.MAXI.M 


MAX532 


____________ 
Features 


• 
Two 12-Bit 
MDACs 
with 
Output 
Amplifiers 


• 
Fast 3-Wire/4-Wire 
Interface 


• 
4~s Typ Settling 
Time to ±1/2 LSB 


• 
Low Differential 
Nonlinearity: 
±1 LSB Max 


• 
Low Integral 
Nonlinearity: 
±1/2LSB 
Max 


• 
Gain Accuracy 
to ±2LSB 


• 
Low Gain Tempco: 
2ppmrC 
Typ 


• 
Operates 
from 
±12V to ±15V Supplies 


• 
nLlCMOS 
Compatible 


• 
Available 
in 16-Pin 
DIP and Wide SO Packages 


Automatic 
Test Equipment 


Arbitrary 
Waveform 
Generators 


Programmable 
Power Supplies 


Motion Control Systems 


Servo Controls 


_______ 
Display Drivers/Timers/Counfers 


Display Driversffimers/Converters, Tables and Product Trees 
10-1 
MAX038 
High-Speed 300MHz Function Generator 
10-3* 


Display Drivers 


LCD 
Pricet 
Part 
Display 
Input 
Input 
Number of 
or 
1000-up 
Number 
Output 
Format 
Format 
Formula 
Annunciators 
LED 
Features 
($) 


ICM7211 
4 digit 
Hexadecimal 
Multiplexed 
or 
4-bits data 
No independent 
LCD 
Muxed version, 4 digit strobes; 
2.42 
or code B 
microprocessor 
annunciators 
Interfaced 
version, 2 digit address 


interface 


ICM7212 
4 digit 
Hexadecimal 
Multiplexed 
or 
4-bits data 
No independent 
LED 
Muxed version, 4 digit strobes; 
2.05 
or code B 
microprocessor 
annuncia tors 
Interfaced 
version, 2 digit address 


interface 


MAX7219 
8 digit 
7 segment 
Serial entry 
8-bits data 
No independent 
LED 
True 3-wire serial interface 
3.99 
or no decode 
8-bits address 
annunciators 


MAX7220 
8 digit 
7 segment 
Parallel entry 
8-bits data 
No independent 
LED 
20ns access time 
tt 


or no decode 
annunciators 


MAX7231 
8 digit 
Hexadecimal 
Parallel entry 
4-bits data 
16 
LCD 
"A" & "B" versions, both annunciators 
on COM3; 
4.50 
arcade 
B 
2-bits annunciator 
"C" version, annunciators 
on COM1 & COM3 
3-bit address 


ICM7218/ 
8 digit 
Hexadecimal 
Parallel entry 
6-bits data 
No independent 
LED 
"A" version drives common 
anode display; 
4.33 


ICM7228 
or no decode 
annuncia tors 
"B" version drives common 
cathode display 
..• 
~ 
MAX7232 
10 digit 
Hexadecimal 
Serial entry 
4-bits data 
20 
LCD 
"A" & "B" versions, both annunciators 
on COM3; 
4.37 
arcade 
B 
2-bits annunciator 
"C" version, annunciators 
on COM1 & COM3 


4-bit address 


MAX7233 
4 char. 
64 character 
Parallel entry 
6-bits ASCII data 
No independent 
LCD 
"A" version, half-width 
numbers; 
4.06 
ASCII 
2-bit address 
annunciators 
"B"version, full-width 
numbers 


MAX7234 
5 char. 
64 character 
Serial entry 
6-bits ASCII data 
No independent 
LCD 
"A" version, half-width 
numbers; 
4.51 
ASCII 
3-bit address 
annunciators 
"B"version, full-width 
numbers 


t 
Prices provided 
are for design guidance 
and are FOB USA. International 
prices will differ due to local duties, taxes, and exchange 
rates. 


tt Future product - contact factory for pricing and availability. 
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DISPLA Y DRIVERS 


I 
I 
I 
I 
I 
I 


I 
4-DIGIT 
8-DIGIT 
lO-DIGIT 
4 CHARACTER 
!SCHARAC 


ICM7211 


ICM7212 
* MAX7219 
* MAX7220 


MAX7231 


ICM7218 


ICM7228 


ADVANCE 
INFORMATION 


All information 
in this data sheet is preliminary 
and subject 
to change. 
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25MHz High-Speed Function Generator 


_______ 
General Description 


The MAX038 is a high-speed 
function 
generator, 
capable 
of producing 
accurate, 
high-frequency 
triangle, 
saw- 
tooth, sine, square and pulse waveforms 
with a minimum 
of external 
components. 
The frequency 
of operation 
is 
controlled 
by an internal2.5V 
bandgap 
voltage reference 
and the external resistor and capacitor 
combine 
to cover 
a frequency 
range of 0.01Hz to 25MHz. 
The duty cycle 
can be varied 
over a wide range 
by applying 
a control 
signal 
(±2.5V) to the OAOJ pin, enabling 
the generation 


of sawtooth waveforms 
and pulse width modulation. 
Fre- 
quency 
modualtion 
and 
frequency 
sweeping 
can 
be 
accomplished 
over a wide range 
by applying 
a control 


voltage 
(±2.5V) to the FAOJ pin. A key advantage 
is that 


the duty cycle and frequency 
controls 
are non-interactive 


which simplifies 
its use. 


Sine, square, 
or triangle 
waveforms 
can be selected 
at 
the output 
by setting 
the appropriate 
code 
at the TIL 


compatible 
select pins AO & A 1. The output signal for all 


waveforms 
is a 2Vp-p signal 
which 
is symmetric 
about 
ground. 
The 
low-impedance 
output 
can 
drive 
up to 
±20mA 
The TIL compatible 
SYNC output at the internal 


oscillator 
frequency 
maintains 50% duty cycle regardless 


of the duty cycle of the other waveforms. 
Other devices 
in the system can be synchronized 
to the local oscillator 


via the SYNC output. 


Conversely 
the internal oscillator 
can be synchronized 
to 
an external TIL level clock signal source connected 
with 


the RCLK pin and the addition 
of an externallowpass 
filter 


to the PO output. 


Pin Configuration 


TOPVIEW 


VEE 


OUT 


AltAXI.NI 
OAOJ 


MAX038 


Vcc 


OVcc 


OGNO 


SYNC 
EmIl 
RCLK 


PO 


GNO 


DIP 


____________ 
Features 


• 
Operating 
Frequency 
Range 0.1 Hz to 25MHz 


• 
Triangle, 
Sawtooth, 
Sine, Square, 
and Pulse Waveforms 


• 
Non-Interacting 
Frequency 
and Duty Cycle 
Adjustments 


• 
Frequency 
Sweep 
Range (0.1 x fa) to (2 x fa) 


• 
Variable 
Duty Cycle 10% to 90% 


• 
Low-Impedance 
Output 
Buffer 


• 
Low-Distortion 
Sine Wave < 1% 


• 
Low Temperature 
Drift < 200ppm 


Voltage References 


Voltage References, Tables and ProductTrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1 
MAX872 
10~, 
Low-Dropout, +2.5V Precision Voltage Reference 
11-3 
MAX873 
Low-Power, Low-Drift, +2.5V Precision Voltage Reference 
11-7* 
MAX874 
10~, 
Low-Dropout, +4.096V Precision Voltage Reference 
11-9* 
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Voltage References 


Temp. 
Noise 
Drift 
Initial Accuracy 
Quiescent 
0.1 Hz-10Hz 
Prlcet 


Part 
(ppmf"C 
TA = +2S'C 
Current 
(,.Np-p) 
Package 
Temp. 
1ODD-up 
Number 
Voltage 
maxI 
(%F.S.max) 
(mAmax) 
max (typ) 
Optlons1 
Range2 
Features 
($) 


ICL8069 
1.2 
10 to 100 
2 
0.05 
5 (10Hz - 10kHz) 
TO-52, To-n, SO' 
C,M,E 
Micropower 
two-terminal 
reference 
0.98 


MAX872 
2.5 
40 
0.2 
0.010 
(60) 
DIP,SO 
C,E 
Vcc; 
VOUT+,2V 
2.14 


MX580 
2.5 
10 to 85 
0.4 to 3 
1.5 
(60) 
TO-52,SO" 
C,M 
Low-drift 
bandgap 
reference 
2.71 


MX584 
2.5 
5to30 
0.05 to 0.3 
1 
(SO) 
TO-99, DIP, SO, CERDIP 
C,M 
Low-drift, 
pro&rammable 
reference 
3.09 


MAX874 
4.096 
40 
0.2 
0.010 
(60) 
DIP,SO 
C,E 
Vcc;VouT+,2V 
2.14 


MAX675 
5.0 
12 to 20 
0.15 
1.4 
15 
DIP, SO, TO-99, CERDIP 
C,E,M 
Low-drift, 
low-noise 
bandgap 
reference 
3.40 


MX584 
5.0 
5to30 
0.05 to 0.3 
1 
(50) 
TO-99, DIP, SO, CERDIP 
C,M 
Low-drift, 
programmable 
reference 
3.09 


REF02 
5.0 
8.5 to 250 
0.3t02 
1.4 
15 
DIP, SO, TO-99, CERDIP 
C,M 
Low-drift 
bandgap 
reference 
2.09 


MX584 
7.5 
5 to 30 
0.05 to 0.3 
1 
(50) 
TO-99, DIP, SO, CERDIP 
C,M 
Low-drift, 
programmable 
reference 
3.09 


MAX670 
10.0 
3 to 10 
0.Q25 
14 
50 
SBCeramic 
E,M 
Kelvin connected, 
ultra-low 
drift reference 
32.78 


MAX671 
10.0 
1 to 10 
0.01 
14 
50 
SBCeramic 
C,E,M 
Kelvin connected, 
ultra-low 
drift reference 
31.84 


MAX674 
10.0 
12 to 20 
0.15 
1.4 
30 
DIP, SO, TO-99, CERDIP 
C,E,M 
Low-drift, 
low-noise 
bandgap 
reference 
3.40 


MX581 
10.0 
5to30 
0.05 to 0.3 
1 
(SO) 
To-39, SO'" 
C,M 
Low-drift 
bandgap 
reference 
3.07 
.. 
MX584 
10.0 
5 to 30 
0.05 to 0.3 
1 
(50) 
TO-99, DIP, SO, CERDIP 
C,M 
Low-drift, 
programmable 
reference 
3.09 
.. 


0 
MX2700 
10.0 
3to 10 
0.025 to 0.05 
14 
(50) 
SBCeramic 
I,M 
Ultra-low 
drift voltage 
reference 
17.60 
.. 


MX2710 
10.0 
1105 
0.01 
14 
(30) 
SBSeramic 
C 
Ultra-low 
drift voltage 
reference 
22.20 


REF01 
10.0 
8.5 to 65 
0.3 to 1 
1.4 
30 
DIP, SO, TO-99, CERDIP 
C,M 
Low-drift 
bandgap 
reference 
2.21 


MX2701 
-10.0 
3to 10 
0.025 to 0.05 
14 
(50) 
SBCeramic 
I,M 
Ultra-low 
drift voltage 
reference 
21.56 


• 
The ICLB069 is available 
in a 2-pin TO-52 and TO-n package, 
or an 8-pin SO package . 
•• The MX580 is avilable 
in a 3-pin TO-52 and 8-pin SO package . 


••• The MX58I is available 
in a 3-pin TO-39 and 8-pin SO package. 


I 
Package Options: 
DIP; 
Dual-In-Line 
Package, 
PLCC; 
Plastic Leaded 
Chip Carrier 
(quad pack), FP; 
Flat Pack 


2 
Temp Ranges: 
C; 
O'C to +70'C, I ; -25'C to +85'C, E; 
-40'C to +85'C, M ; -55'C to +125'C 


t 
Prices provided 
are for design 
guidance 
and are FOB USA. International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 
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ICL8069 
* MAX872 
(lD-lOOppmjOC) (IQ = lOj.l.A, 
4OppmjOC) 


MX580 
(lD-85ppmjOC) 


MX584 
(S-30ppmjOC) 


REFERENCES 


* MAX874 
(IQ = lOj.l.A, 
4OppmjOC) 


MAX675 
MX584 
(l2-2OppmjOc) 
(5-30ppmjOC) 


MX584 
(5-3OppmjOC) 


REF02 
(8.5-2SOppmjOC) 


MAX670 
MX2701 
(3-lOppmjOC) 
(3-10ppmjOC) 


MAX671 
(l-lOppmjOc) 


MAX674 
(l2-2OppmjOc) 


MX2700 
(3-1OppmjOC) 


MX2710 
(l-SppmjOC) 


MX581 
(S-3OppmjOC) 


MX584 
(S-3OppmjOC) 


REFOl 
(8.5-6SppmjOc) 


~~I~JXI~~I 


10}.lA, Low-Dropout, 2.5V Precision 


Voltage Reference 


_______ 
General Description 


The 
MAX872 
precision 
micropower 
voltage 
reference 


consumes 
a maximum 
of only 1O~A and operates 
from 


supply 
voltages 
up to 20V. The MAX872 sources 
250~A 


with VIN ~ VOUT + O.2V, making 
it ideal for use with +3V 


supplies. 
The MAX872 
is trimmed 
to 2.5V ±O.2%, and 


features 
a maximum 
40ppm(C 
drift. 


Handheld 
Instruments 


Battery-Operated 
Equipment 


Power-Supplies 


VIN 
Your 


.••••.....JXI..-M 


MAX872 
TRIM 


• 
10~A Max Supply 
Current 


• 
+2.7V to +20V Operating 
Voltage 
Range 


• 
40ppm( 
C Max Drift 


• 
±O.2% Output Tolerance 
• 80~VIVLine Regulation 
• 600~V/mA Max Load Regulation 
Over Temp 


• ±250~ALoad Current 


PART 
TEMP. 
RANGE 
PIN·PACKAGE 


MAX872CPA 
O'C to +70'C 
8 Plastic 
DIP 


MAX872CSA 
O'C to +70'C 
8 SO 


MAX872C/D 
O'C to +70'C 
Dice* 


MAX872EPA 
-40'C 
to +85'C 
8 Plastic 
DIP 


MAX872ESA 
-40'C 
to +85'C 
8S0 
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/vl/J X I/Vl 
Maxim Integrated Products 
11·3 


Call toll fr~e 1·800·998·8800 
for free samples or literature. 


Voltage Reference' 


Operating 
Temperature 
Ranges: 


MAX872C_ 
. 


MAX872E_ 
Storage 
Temperature 
Range 
Junction 
Temperature 
Range (Ti) . 
Lead Temperature 
(soldering, 
10 sec) 


Supply 
Voltage. 
24V 


Output 
Short-Circuit 
Duration. 
. . Indefinite 
to Either Supply 
CCOMP Input 
-0.3V to VOUT 


TRIM Input 
-0.3V to (VIN + 0.3V) 


TEMP Output 
-0.3V to (VIN + 0.3V) 
Continuous 
Power Dissipation 
(TA = + 70·C) 
Plastic DIP (derate 9.09mWrC above 
+70·C) 
.... 
727mW 


SO (derate 5.88mWrC above 
+70·C) 
471mW 


Stresses beyond 
those 
listed 
under 
·Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functIonal 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


O·C to +70·C 


-40·C to +85·C 
. -65·C to + 150·C 


........ 
-65·C to + 160·C 


.. 
+300·C 


ELECTRICAL 
CHARACTERISTICS 


(VIN = 2.7V, IL = OmA, TA = +25·C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
VOUT 
IL = OmA 
2.495 
2500 
2.505 
V -- 


Output 
Voltage 
Noise 
en 
O.lHz 
to 10Hz 
60 
llVp-p 


Line Regulation 
VOUTNiN 
VIN = 4.5V to 20V 
4 
12 
llVN 


VIN = 2.7V to 5.5V 
80 
250 


Load Regulation 
VOUT/IOUT 
Sourcing 
OmA to 0.25mA 
02 
0.5 
mV/mA 


Sinkinq 
OmA to -0.25mA 
1.5 
4.0 


Quiescent 
Supply 
Current 
IQ 
6.5 
100 
uA 


Chanqe 
in Supply 
Current 
vs. VIN 
IQNiN 
VIN = 2.7V to 20V 
0.35 
0.55 
uAN 


Short-Circuit 
Output 
Current 
Isc 
VOUT short to GND 
2 
6 
mA 


VOUT short to VIN 
3 
9 


TEMP Voltage 
VTEMP 
690 
mV 


VOUT Adjustment 
Range 
VTRIM 
VIN ~ VOUT + 0.2V 
+75/-20 
+100/-25 
mV 


Long-Term 
Drift 
VOUTm 
TBD 
ppm/month 


ELECTRICAL 
CHARACTERISTICS 


(VIN = 2.7V, IL = OmA, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
VOUT 
IL = OmA 
I MAX872C 
2.4905 
2.5095 
V 
I MAX872E 
2.4880 
2.5120 


Temperature 
Coefficient 
TCVOUT 
20 
40 
ppmrc 


Line Regulation 
VOUTNiN 
VIN = 4.5V to 20V 
20 


llVN 


VIN = 2.7V to 5.5V 
300 


Sourcinq 
OmA to 0.25mA 
0.6 
Load Regulation 
VOUT/IOUT 
I MAX872C 
60 
mV/mA 
Sinking 
OmA to -0.25mA 
I MAX872E 
8.0 


Quiescent 
Supply 
Current 
IQ 
No load 
15 
llA 


Change 
in Supply 
Current vs. VIN 
IQNiN 
VIN = 2.7V to 20V 
07 
llAN 


VOUT Adjustment 
Range 
VTRIM 
VIN > VOUT + 0.2V 
+75/-20 
+100/-75 
mV 


TEMP Output 
Voltage 
Tempco 
TCVTEMP 
23 
mvrc 


1~A, 
Low-Dropout, 
2.5V Precision 


Voltage Reference 


~§ 2.500 
> 


VIN = +5V 
NO LOAO 


- 


I-... 
" ""- 
... 


2.499 


2.498 


2.497 


2.496 
-50 
-25 
0 
25 
50 
75 
100 


TEMPERATUREeC) 


OUTPUT 
VOLTAGE 
vs. 


INPUT VOLTAGE 
(LINE REGULATION) 


~ 
"'; 
2.5000 
g 


DROPOUT 
VOLTAGE 
SUPPLY 
CURRENT 


vs. SOURCE 
CURRENT 
vs. TEMPERATURE 
250 
20 


NO LOAD 


:;;- 
200 


-s 
;:( 


u.; 
~ 
15 
'" 
150 


>- 
~ 
~ 
0 
TA= +85'C 
> 
=:> 
>- 
100 
u 


=:> 
0 
~ 
"- 
~ 
10 
iE 
=:> 
0 
50 
U) 


TA= +25'C 
TA= -40'C 


VINt 3V 
0 
5 
VIN= 5V 


100 
150 
200 
250 
-50 
0 
25 
50 
75 
100 


SOURCECURRENT(!lA) 
TEMPERATUREeC) 


2.4950 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


VIN(V) 


TA = +25'C 
NO LOAD 


001 
01 


FREQUENCY(kHz) 


-4 
-50 
-25 
0 
25 
50 
75 
100 


TEMPERATURE('C) 


10 


0.9 
~ 
>- 
08 
~ 
=:> 
0 


"- 
07 
::;;~ 


06 


VIN = +3V 
NO LOAD 


- 


/' V 
/' 
./ 


/' 


05_50 
-25 
0 
25 
50 
75 


TEMPERATUREeCl 
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1~A, 
Low-Dropout, 2.5V Precision 


Voltage Reference 


PIN 
NAME 
DESCRIPTION 


1,7 
I.C 
Internal Connection 
- make no connection 


to this pin. 


2 
VIN 
Input Volta()e 


Temperature 
Proportional 
Output 
Voltage - 
3 
TEMP 
generates 
an output 
voltage 
proportional 
to 
oackaqe 
temperature. 


4 
GND 
Ground 


Output 
Voltage Trim - connect 
to the center 


5 
TRIM 
of a voltage 
divider 
for output 
trimming. 


Otherwise, 
make no connection. 


6 
VOUT 
Reference 
Output 


Compensation 
Input - connect 
a 
8 
COMP 
CLOAO/100 capacitor 
from VOUT to COMP 
to provide 
capacitive 
load compensation. 


____ 
Applications 
Information 


Trimming the Output Voltage 


The 
MAX872's 
output 
voltage 
is trimmed 
for 
0.2% 


tolerance. 
If additional 
VOUT trimming 
is desired, 


connect 
a 1MO potentiometer 
in series 
with 
a 2MO 


resistor 
between 
VOUT and ground, 
and connect 
the 
potentiometer's 
wiper to TRIM as in Figure 
1. 


3.0V 
VIN 
COMP 


VOUT 


TRIM 
1M I47l'F 


..N'I..••JXI..N'l 


MAX872 


GNO 
2M 


Adjusting 
VOUT from its factory-trimmed 
voltage typically 
changes 
the 
output 
voltage 
tempco 
by 7ppm(C 
per 
100mV. 


Reducing Input Ripple with an Input Filter 


The Power-Supply 
Rejection Ratio vs. Frequency 
graph in 


the Typical Operating 
Characteristics 
shows ripple rejec- 


tion between 
10Hz and 2kHz. An input RC filter with a pole 
less than 10Hz, as shown in Figure 2, further attenuates 
input ripple within this band. 
The voltage drop across the 
input 
resistor 
(due 
to supply 
and 
load 
current) 
slightly 


increases the dropout voltage by (ILOAD + ISUPPLy)(R). 


150n 


l00l'Fi 


VIN 
COMP 


..N'I..••.• 
XI..N'l 


MAX872 
VOUT 


+I4ll'F 


Choosing the Output and 


Compensation 
Capacitors 


The output capacitor 
reduces load transients. 
The type of 


output capacitor 
is not critical; 
however, 
if the total load 


capacitance 
(CLOAD = output capacitor + other capacitive 


load) is larger than 1000pF, connect a compensation 
capac- 


itor with a value of CLOAD/100 between COMP and VOUT. 


TEMP Output 


TEMP 
provides 
an output 
voltage 
proportional 
to the 


MAX872 junction 
temperature. 
TEMP must be buffered 


or connected 
to a high-impedance 
input. 


_______ 
Chip Topography 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 
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Low-Power, Low-Drift, +2.5V Precision 


Voltage Reference 


_______ 
General Description 


The MAX873 
is a low-power, 
low-drift, 
precision 
voltage 


reference 
with a +2.5V stable output. 
It operates 
with a 


maximum 
quiescent 
current 
of 280~ 
while maintaining 


a temperature 
coefficient 
of 7ppmrC. 


The MAX873's 
low drift, line regulation, 
and load regula- 
tion make 
it ideal for use with 8-, 10-, and 
12-bit data- 


acquisition 
systems. 


Data-Acquisition 
Systems 


Portable 
Instrumentation 


Logic-Powered 
Analog 
Systems 


.MAXI.M 


MAX873 


011 


• 
280j.IA Max Supply Current 


• 
Low Temperature 
Coefficient 
- 
7ppm/oC 


• 
+2.5V Output Tolerance 
- 
±Q.06% Max 


• 
15ppm/mA 
Max Load Regulation 


• 
4ppmN 
Max Line Regulation 


• 
±90mV Adjustable 
Output Voltage 


• 
+2.0mVJOC Temperature 
Voltage 
Output 


• 
All Grades 
Available 
in DIP and SO 


ADVANCE INFORMATION 
All information 
in this data sheet is preliminary 


and subject 
to change. 
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1o,..tA, Low-Dropout, 4.096V Precision 


Voltage Reference 


_______ 
General Description 


The 
MAX874 
precision 
micropower 
voltage 
reference 


consumes 
a maximum 
of only 10llA and operates 
from 


supply 
voltages 
up to 20V while 
providing 
a precise 


output 
of 4.096V. 
The MAX874 
sources 
250llA 
with 


VIN ~ (VOUT + 0.2V), 
making 
it ideal 
for use with 
+5V 


supplies. 
The MAX874 is trimmed 
to 4.096V ± 0.2%, and 


features 
a maximum 
40ppmf'C 
drift. 


Hand-Held 
Instruments 


Battery-Operated 
Equipment 


Power Supplies 


AIIAXIAII 


MAX074 


• 
10j.iA Max Supply 
Current 


• 
+4.3V to +20V Operating 
Voltage 
Range 


• 
40ppm/oC 
Max Drift 


• 
±O.2% Output Tolerance 


• 
150llVN 
Max Line Regulation 
Over Temp 


• 
600llV/mA 
Max Load Regulation 
Over Temp 


• 
±250IlA 
Load Current 


OIl 


________________ 
Appen diJC 


Package 
Unit Process 
Flow 
A-3 


Surface-Mount 
Products 
A-4 


Die and Wafer Sales 
A-5 


Maxim's /883 and IHR Program 
A-7 


Proprietary 
and Second-Source 
Numbering 
System 
A-8 


Package 
Information 
A-9 


________ 
Wafe, Inspection 


All wafers 
are fabricated 
using specifically 
developed 
processes 
with extremely 
tight control. 
Each must pass 
numerous 
in-process 
check-points 
for oxide thickness, 
critical 
dimensions, 
pin 
hole 
densities, 
and 
other 


requirements, 
and 
must 
comply 
with 
Maxim's 
de- 
manding 
Electrical 
and Physical 
Specifications. 


Finished 
wafers 
are inspected 
optically 
to detect 
any 
physical 
defects. Then they are parametrically 
tested to 


insure 
full 
conformity 
to Maxim's 
specifications. 
Our 


Package Unit Process Flow 


parametric 
measurement 
capability 
has been specially 
designed 
by Maxim 
to make the precision 
measure- 
ments 
which 
are mandatory 
to insure 
reliability 
and 
reproducibility 
in analog circuits. 
We believe this quality 
control 
technology 
to 
be the 
best 
in the 
industry, 


capable 
of resolving 
below 
IpA current 
levels, and less 
than 
IpF capacitance. 
Maxim's 
proprietary 
software 
allows automatic 
measurement 
of subthreshold 
charac- 
teristics, 
fast surface 
state density, 
and other 
parame- 
ters which 
are crucial 
to predicting 
long term stability 
and reliability. 


Every Maxim wafer is subject to this rigorous 
screening 
at no premium 
to our customers. 


____________ 
Testing 


After 
wafer 
parametric 
inspection, 
each 
die 
is 100% 
tested 
prior 
to assembly. 
Once 
assembled, 
units 
are 
tested over temperature. 
This is not a common 
practice 


in the industry. 
By using the latest high speed automatic 
handling 
equipment, 
Maxim is able to offer "at temper- 
ature" 
testing 
for no additional 
cost. 


Sophisticated 
testing 
is an integral 
part of delivering 


the highest 
quality 
data acquisition 
products. 
Maxim's 


analog test capability 
represents 
an order of magnitude 


improvement 
in accuracy, 
noise 
performance, 
and 


speed when compared 
to current 
industry 
standards. 


This provides the customer 
with total assurance 
that he 


will receive the part he paid for every time, without 
fail. 


P,oduct 
Conditioning 
________ 
and Qualification 


Reliability 
of Maxim's 
products 
is further 
assured 
by 


subjecting 
parts 
to qualification 
cycles 
that 
include 


accelerated 
life tests equivalent 
to 20 million 
operating 


hours, 
as well as pressure 
and 
humidity 
(85°C/85%) 


cycles. In addition, 
every unit shipped 
has been burned- 


in (with 
the exception 
of reversed 
lead and 
Surface 


Mount Products-see 
below) to further 
reduce the pos- 


sibility 
of field 
failure. 


Products 
processed 
to this level are normally 
available 


from other manufacturers 
at a price premium, 
by order- 


ing special 
process 
flows. 
Maxim 
provides 
this testing 


and 
conditioning, 
including 
a 100% burn-in, 
at no 


additional 
cost. 


·-"~~''''1 v ,v vv ''''<1U fJ'C1:;UC 
5unace mount products. 


With few exceptions, 
every monolithic 
product will be 
offered 
in a surface 
mount 
package. These products 
are processed 
through 
the same manufacturing 
flow 
as the dual-in-line 
(DIP) plastic devices and are tested 


__________ 
Pin Convention 


0.150" JEDEC 50IC 
(5) parts have the same pinout 
as in the 0.300" DIP package equivalents. 


0.300" 
JEDEC 
50IC 
(W) parts also have the same 
pinout 
as 
in 
the 
0.300" 
DIP 
package 
except 
for 
selected 
products 
in the 
16 lead. 14 lead products 


that are too large for the 0.150" 14 lead (5) package 
are made available in the 0.300" 16 lead (W) package. 


_____ 
F/atpack 
Pin Convention 


No 
fixed 
convention 
exists 
for 
40-lead 
products 


assembled 
in either 44-lead or 60-lead flatpack. 
Con- 


sult product 
marketing for specific pin-outs. 


with 
the exception 
of 100% burn-in 
and cold 
test. 


They receive the same product 
conditioning 
and lot 


qualification 
as the 
DIPs. 
Maxim 
still 
assures 
the 


reliability 
of every lot by subjecting 
a sample 
from 


each lot to a long term life test prior to shipment. 


____ 
Quad Pack Pin Convention 


1.) 
Devices in the 28 Lead Quad Pack are pin for pin 
number compatible 
with the DIP package. That is 


to say, pin 1 on the 28L Quad will be the same 
function 
as pin 1 on the DIP package. 


2.) 
All 
40 
Lead 
devices 
planned 
for 
the 
44 
Lead 


Quad 
pack Will have the following 
pin conven- 


tion: 


DIP 
QUAD 
DIP 
QUAD 
DIP 
QUAD 
DIP 
QUAD 


PIN# 
PIN# 
PIN# 
PIN# 
PIN# 
PIN# 
PIN# 
PIN# 


1 N/C 
12 N/C 
23 N/C 
34 N/C 


1 
2 
11 
13 
21 
24 
31 
35 


2 
3 
12 
14 
22 
25 
32 
36 
3 
4 
13 
15 
23 
26 
33 
37 


4 
5 
14 
16 
24 
27 
34 
38 


5 
6 
15 
17 
25 
28 
35 
39 


6 
7 
16 
18 
26 
29 
36 
40 


7 
8 
17 
19 
27 
30 
37 
41 


8 
9 
18 
20 
28 
31 
38 
42 


9 
10 
19 
21 
29 
32 
39 
43 


10 
11 
20 
22 
30 
33 
40 
44 


Surface 
Mount 


_____ 
Packages 
In Reeled 
Tape 


Maxim surface mount packages are normally shipped 
in antistatic 
plastic 
rails. 
They 
are also 
available 


mounted 
in pockets on embossed tape for customers 


using 
automatic 
placement 
systems. 
The 
tape 
is 


wound 
and shipped 
on reels. 


The following 
table and diagrams 
indicate 
the tape 


sizes 
used for the various 
package 
types 
and the 


basic orientation 
convention 
used. Further 
tape and 


reel specifications 
can 
be found 
in the 
Electronic 


Industries 
Association 
(EIA) standard 481. 


COMPONENT 
TAPE SIZE mm (WI 
PART PITCH mm (PI 


8L 
12 
8 
SOIC 
14L 
16 
8 
16L 
16 
8 


16L 
16 
12 
18L 
24 
12 
SOIC 
20L 
24 
12 


24L 
24 
12 
28L 
24 
12 


PLCC 
28L 
24 
16 
44L 
32 
24 


PFP 
44L 
24 
16 
60L 
44 
32 


All of Maxim's 
standard 
products 
are available 
in die 
and 
wafer 
form. 
Every 
diffusion 
lot 
committed 
to 
die/wafer 
sales 
is 
qualified 
through 
a die 
sample 
assembled 
into 
packaged 
units. 
This 
sample 
is then 
subjected 
to "Packaged 
Unit 
Process 
Flow" the stan- 
dard to ensure 
lot quality 
and reliability. 


-----Electrical 
Specifications 


All 
material 
committed 
to 
die/wafer 
sales 
is 100% 
electrically 
probed 
using 
Maxim's 
sophisticated 
test 
equipment. 
Most 
parameters 
tested 
are checked 
to 


limits 
that 
are 
more 
stringent 
than 
the 
data 
sheet 
25°C worst case parameters. 


Generally, 
the parameters 
or parameter 
limits 
listed in 


the packaged 
unit data sheets are tested 
during 
elec- 
trical 
probe. 
However 
some parameters 
are impossible 


to test or test with absolute 
accuracy 
on unassembled 
product. 
Information 
regarding 
any of these parame- 


ters/parameter 
limits 
may 
be 
obtained 
from 
the 
factory. 


PARAMETER 
4" 
UNITS 


Chip Thickness 
15±1 
mils 
Backlapped 
wffers 


Die length/width 
tollerance 
±1 
mils 


Bondinll 
pads 
typical rrin _4x4 
mils 
dimenslOlls (minirrum) 
advanced 
min = 3x3 


Bonding pad and 
10-12k 
A 
interconnect 
material thickness 


Storage temperature 
-40 to +150 
'C 


Operating 
Temperature 
-20 to +70 
'C 


Die and 
wafers 
are visually 
inspected 
according 
to 
MIL-STD-883, 
Method 
2010. Condition 
B with modifica- 


tions reflecting 
CMOS requirements. 


Each die surface 
is protected 
by a planar 
passivation 
layer 
and 
additional 
surface 
glassivation 
except 
for 
bonding 
pads and scribe 
lines. The surface 
passivation 


is removed 
from 
the 
bonding 
pad 
areas 
by 
plasma 
etching. The bonding 
pads may appear discolored 
at low 
magnification 
due to surface 
roughness 
of the aluminum 
caused 
by the etch process. 


Maxim guarantees 
die and wafer AQL levels as follows: 


Visual 
. 1.0% 
Functional 
Electrical 
Testing 
. 0.65% 
Parametric 
DC Testing 
. 2.5% 
Untested 
Parameters 
.... 
. 6.5% 


- 
AssemblyProcedures 


Handling 


Maxim 
recommends 
that die and wafers 
be stored 
in 


a clean, 
dry 
ambient-preferably 
inert 
gas. Extreme 
care should 
be taken 
when 
handling 
die. Both 
elec- 
trical 
and visual 
damage 
can occur 
as a result 
of an 


unclean 
environment 
or harsh handling 
techniques. 


Die Attach 


To 
prevent 
oxidization 
the 
die 
attach 
operation 
should 
be done 
under 
a gaseous 
nitrogen 
ambient 


atmosphere. 
If an eutectic 
die 
attach 
is used, 
it is 


recommended 
that 
a 98% gold/2% 
silicon 
preform 
be used at a die attach 
temperature 
between 
385°C 
and 435°C. 
If an epoxy 
die attach 
is used, the epoxy 
cure temperature 
should 
not exceed 
150°C. 


Bonding 


Thermosonic 
or thermocompression 
gold 
ball bond- 
ing may be used with 
1.0 or 1.3 mil diameter 
99.99% 


pure 
gold 
wire. 
Ultrasonic 
bonding 
may 
be 
used 
with 
1.0 or 
1.25 
mil 
diameter 
99% 
aluminum/1% 


silicon 
wire. 


Standard Die and 
______ 
WaferCarrier Package 


Die and wafers 
are packaged 
as shown 
in Figures 
1 


and 2, respectively. 


~; 
COMPARTMENTEO 
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/ 
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•• 
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CLEAR AMBER COVER 
CONOUCnVE 
ALM 


------------Changes 
Maxim 
reserves the right to improve 
device geome- 
tries 
and 
manufacturing 
processes 
without 
prior 
notice. 
Although 
these improvements 
may result in 
slight 
geometry 
changes, 
they 
will 
not 
affect 
die 
electrical 
limits, pad layouts, or maximum die sizes. 


------_ 
User Responsibility 
Written 
notification 
of 
any 
non-conformance 
by 
Maxim or Maxim's dice specifications 
must be made 
within 
75 days of the shipment 
date of the die to the 
user. Maxim 
assumes 
no responsibility 
for the dice 
after 75 days or after further 
user processing 
such 
as, but not limited to, chip mounting 
or wire bonding. 


INCOMING 
WAFER 
INSPECTION 


100% WAFER 
PARAMETRIC 
TEST 


100% WAFER 
VISUAL 
INSPECTION 


WAFER 
LOT TEST 
FOR PASSIVATION, 


CV DRIFT 
AND 
OTHER 
RELIABILITY 
INDICATORS 


BACKUP 


+ 


QC 
SAMPLE 
ASSEMBLED 
FOR 
LOT 
QUALIFICATION 


_______ 
Ordering Information 
Die orders are identified 
by a 10 suffix. 


Example: ICL7109C/O 


When 
ordering 
die 
in wafer 
form 
replace 
"0" 


in the part numbers with a "W" 
Example: MAX7231C/O Die = MAX7231C/W 
Wafer. 


_________ 
/HR Program 


Prior to the inception 
of the /883 program, 
Maxim offered 
its products 
in a high-reliability 
(lHR) flow. 
Maxim will 
continue 
to offer this highly 
successful 
processing 
pro- 
gram for customers 
requiring 
military-grade 
product, 
but 
who do not want to pay the substantial 
cost added 
for 
certified 
product 
in full compliance 
to MIL-STD-883. 


The /HR program 
offers device 
processing 
that emulates 
Mil 
Method 
S004 
processing, 
including 
full-material 


traceability 
and process 
genealogy 
from incoming 
raw 
materials 
through 
final shipment. 
However, 
full QCI test- 
ing is only 
performed 
if requested. 
Only Group A of Mil 
Method 
SOOSis done per lot. 
Groups 
B, C, and D must 
be specifically 
requested 
when placing 
orders. 
This is 
done by placing 
a single letter suffix (B,C, or D) at the end 
of the ordered 
part number, 
as seen in the chart below. 


In addition 
to 
the 
/HR 
flow 
for 
hermetic-packaged 
products, 
Maxim offers a High-Reliability 
(Hi-Rei) Plastic 
Flow. 
This flow screens 
plastic-encapsulated 
products 
built in standard 
plastic 
DIP and small-outline 
packages. 
Units are inspected 
for internal visual, temperature 
cycle 
per Mil-STD-883, 
Method 
1010, 10 cycles, 
and external 


visual/ 
mechanical 
inspection 
prior 
to shipment 
to the 
testing 
facility. 
Screening 
includes 
100% 
pre 
burn-in 
electrical 
test at TA = +2S'C, 
burn-in 
per Mil-STD-883, 
Method 
101S. 
Post 
burn-in 
electrical 
test 
includes 
dynamic, 
static, 
AC, 
DC, 
and 
functional 
test 
at 
TA = +2S'C, 
with a S% PDA applied 
to DC +2S'C 
only. 


Screening 
to maximum 
operating 
temperature 
is per- 
formed 
100% 
and 
minimum 
operating 
temperature 
is 
screened 
to 0.1 % AQL. 
Group 
A lot acceptance 
must 
meet a standard 
sample 
plan for 0.1 % AQL to the ap- 
plicable 
detail specification. 


Ordered Part # 


MAX358MJE/HR 


Processing 


Device will be processed 
through 
the full/HR 
Flow 
emulating 
Mil Method 
5004 
and QCI tested 
to Group 
A 
of Mil Method 
5005. 


Same as above with the addi- 
tion of Mil Method 
5005 
Group 
B testing. 
OCI con- 
tains both Group A and B 


Same as above except 
OCI 


includes 
Group 
C. OCI now 
contains 
Groups 
A, B, and C. 


Same as above except 
OCI 


includes 
Group 
D. OCI now 
contains 
Groups 
A, B, C, 


and D. 


To order 1883 or IHR devices, 
contact 
the Maxim sales repre- 


sentative 
or distributor 
in your area. 


_________ 
/883 Program 


Maxim 
began 
its High-Reliability 
(Hi-Rei) 
operation 
on 


July 1, 1988. At that time, our product 
offering was limited 
to 2S device 
types. 
But with the purchase 
of MAXFAB 
wafer-fabrication 
facility 
in December 
1990, the Hi-Rei 


product 
group 
was expanded 
to include 
more than 140 


device 
types. 
We began 
shipping 
our first /883-com- 


pliant products 
from MAXFAB in August 
1991. 


All /883 
products 
manufactured 
by Maxim 
are 
in full 
compliance 
to paragraph 
1.2.1 of MIL-STD-883. 
Electri- 
cal screening 
is performed 
per Method 
S004, and QCI 
inspection 
per Method 
SOOS,Groups 
A, B, C, and D. 


We also offer 
Standard 
Military 
Drawings 
(SMDs) 
and 


products 
screened 
to Customer 
Source 
Control 
Draw- 
ings 
(SCDs). 
We invite 
you 
to visit 
our facility 
for a 
first-hand 
inspection, 
and 
look forward 
to serving 
you. 
Contact 
your 
local 
sales 
representative 
or the factory 
directly, 
(408) 737-7600 extension 
6304, for free samples 
or literature. 
You may place small-quantity 
orders 
using 
your VISA or MasterCard. 


••••• 
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_______ 
Numbering System 


Maxim's 
proprietary 
product 
introductions 
are increas- 
ing at a significant 
rate. The devices 
are grouped 
by 
their functions 
into certain 
categories. 
Maxim 
present- 
ly uses a "MAX" 
as the prefix 
to the device's 
unique 
number. 
The categories 
are as follows: 


MAX1OG-199 
Analog-to-Digital 
Converters 
MAX200-299 
Interface 
MAX3OG-399 
Analog 
Switches 
and Multiplexers 
MAX400-499 
Op-Amps, 
Buffers 
and Video Amplifiers 
MAX5OG-599 
Digital-to-Analog 
Converters 
MAX600-699 
Power 
Supply 
Circuits 
and 
Voltage 
References 
MAX70D-799 
IlP Peripherals 
and Display 
Drivers 
MAX80D-899 
Open 
MAX90D-999 
Open 


Within 
each category, 
blocks 
of numbers 
are reserved 
for sub-groups. 


EXAMPLE: 
MAX358CPD 
II LLead Count 


~ 
Package 
Designator 


Operating 
Temperature 
Temperature 
Range 


"C" 
O°C to +70°C 


"I" 
-20°C 
to +85°C 


"E" 
-40°C 
to +85°C 


"M" 
-55°C 
to +125°C 


"Pi' 
TO-237 


"C" 
TO-220 


"D" 
Ceramic 
Sidebraze 


"F" 
Ceramic 
Flat-Pack 


"H" 
TO-66 


"J" 
CERDIP 
Dual-in-Line 


"K" 
TO-3 


"L" 
Lead less, Ceramic 


"M" 
Plastic 
Flat Pack 


"N" 
Narrow 
Plastic 
Dual-In-Line 
"P" 
Plastic 
Dual-In-Line 


"Q" 
Plastic 
Chip 
Carrier 
(Quad 
Pak) 


"R" 
Narrow 
CERDIP 
(24 pin, 0.3" wide) 


"S" 
Small 
Outline, 
Slim 
(8 or more 
leads), 


150 mil 


"S" 
TO-52 
(2 or 3 leads) 


"T" 
TO-5 
Type 
(also TO-78, 
TO-99, 
TO-100) 


"U" 
TO-72 
Type 
(also TO-18, TO-71) 


"V" 
TO-39 
"W" 
Small 
Outline, 
Wide 
(300 mil) 


"Z" 
TO-92 


"/D" 
Dice 


"IW" 
Wafer 


"-1" 
On Package 
Information 
Indicates 
Hybrid 
Circuit 


Number 
of Pine 


"A" 
8 
"P" 
20 
"B" 
10 
"Q" 
2 
"C" 
12 
"R" 
3 
"D" 
14 
"S" 
4 
"E" 
16 
"T" 
6 
"F" 
22 
"U" 
60 
"G" 
24 
"V" 
8 (0.200" pin circle, 
"H" 
44 
isolated 
case) 
"I" 
28 
"W" 
10 (0.230" 
pin circle, 


"J" 
32 
isolated 
case) 


"L" 
40 
"Y" 
8 (0.200" pin circle, 


"M" 
48 
case to pin 4) 
"N" 
18 
"Z" 
10 (0.230" 
pin circle, 


case to pin 5) 


The first letter of the suffix 
is used to denote 
product 
grade, 
for example, 
MAX631ACPA 
means 
5% output. 
accuracy 
(A), the remaining 
3 letters denote 
tempera- 


ture range, package 
type and number 
of leads. There- 


fore, 
the 
MAX631ACPA 
operates 
over 
the 
O°C to 
+70°C 
and 
is in a Plastic 
Dual-in-Line 
package 
and 
has 8 leads. 


In most 
cases, 
Maxim's 
part 
number 
for 
a multiple 
source 
product 
follows 
the numbering 
system 
that is 
most widely 
accepted 
in the industry 
for that particu- 
lar part, rather than our own convention. 
This includes 
original 
designators 
for 
package 
type, 
temperature 
range, 
and 
performance 
grades 
as well 
as the most 
commonly 
recognized 
prefix. 


Multiple 
source 
products 
are frequently 
supplied 
by 
Maxim 
in packages 
or temperature 
ranges 
that 
are 
not supplied 
by other 
manufacturers. 
Whenever 
pos- 
sible, 
such 
a device 
is given 
the part 
number 
that 
it 


would 
have if the originai 
numbering 
convention 
were 
followed. 
For example, 
if a military 
temperature 
grade 
of a product 
is not supplied 
by other 
sources 
but is 
available 
from 
Maxim, 
the 
original 
manufacturer's 
designation 
for military 
temperature 
will 
be used. As 
a result, 
a specific 
part 
number 
supplied 
by Maxim 
may not be listed by the "original" 
manufacturer. 


This 
section 
contains 
physical 
dimensions 
and ther- 


mal 
data 
for 
all 
packages 
currently 
supplied 
by 
Maxim. 
Each drawing 
is followed 
by a two letter code 
which 
indicates 
package 
type (Plastic 
DIP, Small Out- 
line, 
etc.) 
and 
number 
of 
leads. 
This 
code 
is also 
used, 
along 
with 
indicators 
for 
temperature 
range 
and device grade (where appropriate) 
in the part num- 


ber suffix 
for each of Maxim's 
proprietary 
devices. 


/'A"~~ 
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ILeA 
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NOTES' 
I 
D&E 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS 


MOLD 
FLASH 
OR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
010' 
2 
CONTROLLING 
OIMENSION 
INCH 
3. MEETS 
JEDEC 
MS-OOI 
AB 


NOTfS, 
I 
oaE 
DO NOT INCLUDE MOLD fLASH 


2 
MOLD 
rLASH 
OR 
PROTRUSIONS 
NOT 
TO 


EXCEED 15",,,,006' 


CONTROLLING 
DIM[NSTDN 
MILLlMETER 


MEETS 
JEDEC 
M$-OI2 
AA 


INCHES 
M1LLlHETERS 


olH 
H," 
HAX 
HIN 
MAX 


A 
0.053 
0,069 
1.35 
1,75 


AI 
0.004 
0.010 
0.10 
0.25 
, 
0.QI4 
0.019 
0.35 
0.49 


C 
0.007 
0.010 
0.19 
0.25 


0 
0.189 
0.197 
480 
5.00 
. 
0.050 
BSC 
1.27 
'SC 


E 
0.150 
0.157 
380 
4.00 


H 
0.228 
0.244 
580 
6.20 


h 
0.010 
0.020 
0.25 
f--~ 


L 
0.016 
0.050 
0,40 
1.27 
a 
O' 
e' 
O' 
e' 


r 
fir--- E ---j 


Q 
0P 


HI 


INCHES 
HllllMETERS 


M N 
MAX 
MIN 
MAX 


A 
0.\40 
0.190 
3.:56 
4.82 
b 
oms 
0,040 
0.38 
IO! 
" 


0,014 
0,022 
0.41 
050 


0 
0 
0,650 
1423 
1651 


E 
0380 
0.420 
'3.66 
10,66 
. 
0067 ese 
1,70Bse 
, 
0045 
0.055 
1H 
1.39 


HI 
0.230 
0,270 
585 
685 


JI 
0.080 
0.115 
2 
• 
2.92 


J 
0.170 
0.185 
432 
470 


J 
0.327 
0.335 
8.31 
e.sl 


L 
0170 
0.200 
432 
5.08 
Ll 
0.260 
0.340 
6.60 
864 
L2 
0.700 
0.720 
1778 
1829 
.P 
0139 
0.161 
354 
<De 
0 
0100 
0.120 
254 
3D< 


[NCHES 
MILLIMETERS 


MIN 
MAX 
"'N 
MAX 


A 
0.140 
0.190 
3.56 
4,82 


b 
O.QI5 
0.040 
038 
1.01 
cl 
0.Q14 
0.022 
" 


0.50 


0 
0,560 
0.650 
1423 
1651 


E 
0.380 
0.420 
9.66 
10.66 
. 
0067BSC 
1.70 sse 
, 
0.(145 
0.055 
1-14 
139 


HI 
0.230 
0.270 
5,85 
6.85 


JI 
0.080 
0,115 
2.04 
2.92 


L 
0.500 
0.580 
1270 
1473 
.P 
0.139 
0.161 
3.54 
4,08 
0 
0.100 
0.120 
2.54 
3,04 


C( 
I I 


Jll- 
=1 
I 
I 


L 
II 
L 
L,~!'JXI/~I 
/,~l'JXI/~I 


8L 


b --if- 
--jet-- 
-if- 
cl 


~ 
0 0 
Fl 
SI 
"e~ 
c 


102 
eA 


10 


INCHES 
MILLIMETeRS 


DI 
MIN 
MAX 
MIN 
MAX 


A 
--- 
0,200 --- 
soa 


b 
1),014 
0.026 
0.36 
0.66 


b2 
0,045 
0,065 
114 
165 
, 
(1008 
O.olS 
020 
0,45 
0 
--- 
0.405 
--- 
10,29 


E 
0220 
0.310 
:5.:59 
7.87 
,A 
0,300 
BSC 
7.62 
BSC 
. 
0100 
BSC 
2.54 
BSC 


L 
0125 
0.200 
J.l8 
5.08 
a 
oms 
0,060 
0.38 
152 


$I 
0005 
--- 
0.13 
--- 


Vi 
INCHES 
MILL!METERS 


~ 


I 


DIM 
MIN 
MAX 
MIN 
MAX 


101 


! 


A 
0.045 
0.090 
1.14 
2.29 


: 


t 
b 
0010 
0.022 
0.25 
0.056 


'" 
c 
0004 
0.009 
0.10 
0.23 


j 


0 
--- 
0.280 
--- 
7.11 


E 
0240 
0.260 
610 
6.60 


'" 


El 
--- 
0.300 
--- 
7.62 


E2 
0125 
--- 
318 
--- 


~~1~ 


[3 
0030 
--- 
0.76 
--- 


e 
0050 
SSC 
1.27 
SSC 


j I 


k 
NfA 
NfA 
NfA 
NfA 


I 
E3 :Sl- L ----I 


L 
0.250 
0.370 
6.35 
9.40 
, I 
Q 
0.026 
0.045 
0.66 
114 
Uo 
<C 
51 
0005 
--- 
0.13 
--- 


NOTES' 
1. CONTROLUNG 
DIMENSION, 
INCH 
2 PACKAGE 
MEETS 
1835 
F 4 
CONFIGURATION 
B 
L,~ltJX I.J'~I 
AND 
F4A 
CONF lGURA nON 
B 


.ltU 
1a..f"L"'TP",C1(p~4Gr(JlJTLI'€ 
Mlll835COHPlIANT 
. 
1- 21-0010 
I'A 1111 
rJO-2 


NOTES, 
1 
DlE 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 


2 
MOLD FLASH 
OR PROTRUSlDNS 
NOT TO 
EXCEED 
151'll"l 
<006') 


3. 
CONTROLLING 
DIMENSTDN 
MILLIMETER 


I 


I 
, 
, 
--1.1- 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
0,068 
0.078 
1.73 
1.99 


AI 
0002 
0.008 
005 
021 


B 
0.010 
0.015 
0.25 
0.38 


e 
0,005 
0.009 
0.13 
0.22 


D 
0.113 
0.123 
2.87 
313 
. 0,0256 
sse 
065 
Bse 


E 
0,205 
0.212 
5.20 
538 
H 
0301 
0.311 
7.65 
79 
L 
0,022 
0.037 
0.55 
0,95 


a 
O' 
B' 
O' 
B' 


.J',~!tJX I.J'~I 


C'ASE 


INCHES 


DIM 
MIN 
MAX 


A 
--- 
0200 


b 
0.Ql04 
0,023 


bl 
0.038 
0.065 


1J3 
0,OZ3 
00045 


E H 


~ 


~A 
~f-- 
B 
AI] 
!~ 


NOTES, 
1 
D&E 
DO 
NOT 
INCLUDE 
MOLD 
fLASH 


2 
MOLD FLASH 
OR PROTRUSIONS 
NOT 
TO 


EXCEED 
.l5MM 
<'006') 


J. 
CONTROLLING 
DIMENSION" 
MILLIMETER 


4. 
MEETS 
JEDEC 
1'1$-012 
AB 


~:~= 
IDI~ 


'" 


H- 


NOTES, 
1 CONTROLLING 
DIMENSION, 
INCH 


2. MEETS 
MIL 
STD 
1835 
F-2A 
CONFIGURA 
TION 
B 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
0053 
0069 
1.35 
1.75 


AI 
0004 
0,010 
0,10 
0.25 
, 
0014 
0019 
0.35 
0.49 


C 
0,D07 
0,010 
0.19 
0.25 
0 
0337 
0.344 
855 
875 
. 
0,050 
OSC 
1.27 
OSC 


E 
0150 
Ot57 
380 
400 


H 
0228 
0244 
580 
I 620 
h 
O,otO 
0020 
0.25 
050 


L 
0,016 
0,050 
0<10 
I 
1.27 


a 
O' 
,. 
O' 
,. 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
0045 
o liS 
114 
292 


b 
O.ot5 
0.022 
038 
0.56 


C 
0004 
0.009 
0.10 
023 


D 
--- 
0390 
991 


E 
0235 
0.260 
5.97 
660 


EI 
--- 
0.290 
--- 
737 


E2 
0.125 
3.18 


E3 
0030 
--- 
0.76 


e 
0.050 
SSC 
1.27 
SSC 
k 
--- 
- 
- 
- 


L 
0.270 
0.370 
6.86 
940 


0 
0.026 
0045 
0.66 
1.14 


51 
0.005 
0.13 


L,~l'JX I..I~I 


"M 
14LrLATP"'CKPACKAG£OUTL!1iE: 
I'lILI9J5C01PLIIlNT 


n'-2 
- 
-21-0011 


v; 


t 
101 
:~ 


'" 


'" 


NOTES' 
1 CONTROLLING 
DIMENSION, 
INCH 


2 
MEETS 
38510 
F-4A 
CONFIGURATION 
#2 
EXCEPT 
DIMENSION 
'0' 
MIN 


NOTES, 
I 
D&E 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS 


MOLD 
FLASH 
OR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
010' 


2 
CONTROLLING 
DIMENSION' 
INCH 
3. MEETS 
JEDEC 
MS-OOI 
AC 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
0.045 
o liS 
I.I4 
292 


B 
0.010 
0.019 
0.25 
0.48 


C 
0.003 
0006 
0.08 
0.15 


D 
--- 
0.290 
--- 
7.37 


E 
0240 
0260 
6.10 
660 


EI 
--- 
0.280 
--- 
711 


E2 
0.125 
--- 
3.18 
--- 


E3 
0.030 
--- 
076 
--- 


e 
0.050 
SSC 
1.27 
SSC 


k 
--- 
--- 
--- 
--- 


L 
0.250 
0.370 
6.35 
9.40 


0 
0.010 
0.016 
0.25 
0.41 


S 
--- 
0.045 
--- 
I.I4 


SI 
0.005 
--- 
0.13 
--- 


lNiCKS 
MILLl 
1M I'lIN 
"",I( 
IlIN 
••••.• 


oil 
021)(1 
501 
410..015 
0]8 
1).125 
0150 
]Ii 
381 
",3 
G.055 
0,090 
140 
213] 
B 
13.0160,022 
04' 
O~ 


1\ 
0.050 
006' 
127 
110' 
e 
0,008 
OOIC! 
020 
030 


o 
o,n, 
071>' 
111071';1,43 


DI 
0,,"0 
OOM 
U!7 
t03 
( 
0.3000.32'762 
le6 
(l 
0,2.00.210610 
711 
0,100 
Ise 
2,'. 
IISC 
fA 
O,JOO Ise 
7.~ 
ISC 
tlI 
0400 
10.16 


L. 
0,11'5 
OI:lO 
Z'R 
JII 
0' 
I'" 
0' 
I" 


M 
~lal 


I 
I 
1 
I 
1 
II 
\I 


-JI 
a 
\I 
U 
U 
lJ:=~~~ 


[[~] 


NOTES' 
1 D&E 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS 
MOLD 
FLASH 
DR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
010' 
2. CONTROLLING 
DIMENSION, 
INCH 


3. MEETS 
JEDEC 
MS-OOI 
AA 


INCHES 
MILLIMETERS 


DI 
MIN 
MA' 
MIN 
MA' 


A 
--- 
0.200 --- 
5,oe 


" 


0,0104 
0,026 
0.36 
0.66 


b2 0.045 
0,065 
1.14 
1.65 
, 
0.008 
oms 
0.20 
0..46 


0 --- 
0.785 
--- 
19.904 


E 
0.220 
0,310 
5S9 
7.87 
.A 
0.290 
0,320 
7.37 
813 
. 0,100 
BSC 
2.54 
BSC 
L 
0.125 
0,200 
318 
5.09 


0 
oms 
0,060 
0,38 
\.52 
51 
0.005 
--- 
on 
--- 


F9 
L"Aj-c 


./lfl./J X I./~I 


M 


ila 


I 
I 
\ 
I 
\ 
II 
1\ 


-.JI 
a 
II 
U 
u 
L!:=:~~ 


NOTES' 
1. CONTROLLING 
DIMENSION, 
INCH 


2 MEETS 
38510 
F -2A 
CONFIGURA 
nON 
#2 
EXCEPT 
DIMENSION 
"Q" 
MIN 


INCHES 
MIL 


DIM 
MIN 
MAX 
Mil 


A 
0.045 
0.115 
l.l' 


S 
0.Ql5 
0.019 
0.3 


C 
0003 
0.006 
0.0. 


0 
0.390 


E 
0.235 
0.260 
5.9 


EI 
--- 
0.290 
-- 


E2 
0.125 
3H 


E3 
0030 
-- 
0.71 
e 
0.050 
SSC 
1.2, 


k 
--- 
--- 
--- 


L 
0270 
0.370 
6.81 


Q 
0.012 
0.030 
0.3C 


S 
--- 
0.045 
--- 


S\ 
0005 
--- 
0.13 


~~!tJXI 


"""14lfl"'TPI\CKPACKAOCo.lTI 


I'IJN-ClJIoI'l.IANTDlfol£NSIONS 


INCHES 
Mil 


DI 
MIN 
MA, 
M 
A 
--- 
0.200 
_. 


" 


O.ol4 
0.023 
O. 


"I 
0,OJ8 
0.065 
0,< 
, 
0.008 
0.015 .' 
0 
--- 
0.785 
-- 


E 
0.220 
0.310 
5.~ 
EI 
0.290 
0320 
7.: 
. 
0.100 
9SC 
2.~ 


L 
0,\25 
0.200 
3.1 


LI 
0.\50 
--- ,. 


0 
o.olS 
D,OM 
03 
S 
--- 
0098 -- 


I 
0.005 
--- 
0.1 
a: 
O' 
15' 
O' 


,Jl 


./.~ltJXI~ 


, 
Vi 


~ 
D~l 


~ 
L 
~ 
x 
t 
-, 
~ 
Lt 


<Xl 


NOTES, 
1. CONTROLLING 
DIMENSION 
INCH 


2. MEETS 
MIL 
~TD 
1835 
F-5A 
CONFIGURATION 
B 


NOTES, 
1 CONTROLLING 
DIMENSION, 
INCH 
2. MEETS 
38510 
F -SA 
CONFIGURATION 
#2 
EXCEPT 
DIMEW 
ION 
·0· 
MIN 


IN(H[S 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
0045 
0.Il5 
114 
292 
b 
0015 
0.022 
038 
0.56 
c 
0004 
0.009 
010 
0.23 


D 
--- 
0.440 
-- 
1118 


E 
0245 
0.285 
6.22 
724 


EI 
- - 
0.315 
800 


E2 
0130 
-- 
3.30 
-- 


E3 
0030 
--- 
076 
--- 
• 
0050 
Bse 
127 
Bse 
k 
--- 
--- 
--- 
--- 


L 
0250 
0.370 
6.35 
9.40 


Q 
0.026 
0.045 
0.66 
1.14 


51 
0.005 
--- 
0.13 
--- 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
0045 
0.Il5 
1.14 
292 
B 
0015 
0.019 
038 
0.48 


C 
0003 
0.006 
008 
0.15 


D 
--- 
0.440 
--- 
1118 


E 
0245 
0.285 
6.22 
724 


EI 
- 
0.315 
800 


E2 
0130 
- 
3.30 
-- 


E3 
0.030 
- - 
076 
--- 
• 
0050 
Bse 
127 
Bse 
k 
--- 
--- 
--- 
--- 


L 
0250 
0.370 
6.35 
940 
Q 
0.010 
0.016 
025 
0.41 


S 
--- 
0.045 
--- 
1.14 


Sl 
0005 
--- 
013 
--- 


/,~!tJX I /1-'1 


'111.1 
16L rlolTPiIlCl<' 
PAC~,,(j( 
auTLlN!; 


NQ"-COMf>LIIINTOlfo'(NSIO""; 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
O,O~3 
0,069 
1.35 
1.75 


AI 
O.OO~ 
0010 
0.10 
0_2~ 
, 
0,014 
0,019 
0,35 
049 
C 
0007 
0010 
019 
025 


D 
0.386 
0.394 
9.80 
10,00 
. 
0050 
BSC 
127 
BSC 


E 
0150 
0157 
3.80 
4.00 


H 
0.228 
0.244 
5.80 
6.20 


h 
0010 
0,020 
025 
050 
L 
0016 
0,050 
0.40 
1.27 


a 
0' 
" 
0' 
" 


NOTES 


OLE 
DO 
NOT 
INCLUDE 
MOLD 
FLASH. 


MOLD FLASH 
OR PROTRUSIONS 
NOT 
TO 
EXCEED 15M 
(006') 


3 
CONTROLLING DIMENSION, MILLIMETER 


4 
MEETS 
JEOEC 
M$-012 
AC 


NOTES' 
I 
OLE 
DO 
NOT 
INCLUDE 
MOLD 
FLASH. 


2 
MOLD FLASH 
OR PROTRUSIONS 
NOT 
TO EXCEED 
15M 
006" 


CONTRDLLlNG 
DIMENSION, 
MilliMETER 


MEETS 
JF:OEC M~ -013 
AA 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
0.093 
0.104 
2.35 
2.65 


AI 
0.00'1 
0,012 
0.10 
0,30 
, 
0014 
0-0\9 
0,35 
0.49 
C 
0009 
0.013 
023 
032 


0 
0398 
0.413 
1010 
10.50 
. 
0050 
BSC 
1,27 
BSC 


E 
0291 
0,299 
7.40 
760 


H 
0394 
0419 
1000 
10,65 


h 
0010 
0,030 
0,25 
075 


L 
0016 
0050 
040 
1.27 


a 
0' 
8' 
O' 
8' 


a 


L -I ~ 


/,~!tJXI/~I 


I6L 


~o~~~DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS 
..I,~!tJX 1..11;'11 


MOLD 
FLASH 
OR 
PROTRUSIONS 
SHALL 
NOT 
EXCEEDOIO' 


2 
CONTROLLING 
DIMENSION 
INCH 
I8L 
3 
MEETS 
JEDEC 
MS-OOI 
AD 


INCHES 
MILLIMETERS 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
0.093 
0104 
2.35 
2.65 


AI 
0.004 
0,012 
0.10 
0.30 


B 
0.014 
0,019 
0.35 
0.49 
C 
0.009 
0013 
0.23 
032 


D 
0,447 
0463 
1135 
11.75 
. 
0.050 
.SC 
1.27 
.SC 


E 
0.291 
0299 
7.40 
7.60 


H 
0.3';14 
0419 
10,00 
10,65 


h 
0.010 
0030 
0,25 
075 


L 
0,016 
0,050 
0.40 
1.27 


a 
D" 
8" 
0" 
8" 


I 
D 
~ 


~lA 
e 
1-1 
All 'lalit¥1 


NOTES' 
I. 
D&E 
DO 
NOT 
INCLUDE 
MOLD 
FLASH. 


2 
MOLD 
FLASH 
OR 
PROTRUSIONS 
NOT 


TO 
EXCEED 
,\S ••.•M 
<'006") 


3 
CONTROLLING 
DIMENSION 
MILLIME 
rER 


" 
MEETS 
JEOEC 
MS-013 
AB 


..I,~!tJX 1..11;'11 


18L 


INCHES 
MILLIMETERS 


DI 
MIN 
MAX 
MIN 
MAX 


A 
--- 
0.200 
--- 
'5.oa 


b 
O.OI~ 
0.023 
0.36 
0,58 
bl 
0.038 
0,065 
0.97 
1.65 
, 
0.008 
0.015 
0.20 
038 


0 
--- 
0,840 
-- 
2134 


E 
0.220 
0.310 
5.59 
7.87 
EI 
0.290 
0.320 
7.37 
813 
. 
0.100 
8SE 
2.54 
8SE 


L 
0.125 
0.200 
3.18 
5,08 


LI 
0.150 
--- 
3.81 
--- 
0 
oms 
0,060 
0.38 
1.52 
S 
--- 
0.080 
--- 
2,03 


$I 
0.005 
--- 
0.\3 
--- 


" 


0" 
IS" 
0" 
IS" 


,L 


..I,~!tJX 1..11;'11 


IN HES 
MILLIMETERS 


DI 
M1N 
MAX 
MIN 
MAX 
A 
--- 
0.200 
- 
5.08 


b 
0014 
0026 
0.36 
0.66 


b2 
0.045 
0.065 
IH 
1.65 
, 
0008 
0018 
0.20 
0.46 


D 
--- 
0.840 -- 
2134 


E 
0,220 
0.310 
5.5'3 
7,87 


.A 
0300 
asc 
7.62 
SE 
. 
0,100 
asc 
2.54 
8SE 


L 
0,125 
0200 
3.18 
5,08 


0 
0,015 
0.060 
0,38 
1.52 
Sl 
0,005 
--- 
0.13 
--- 
Fl 
LeA~C 


..I,~!tJX 1..1"'1 


NOTES' 
1 
D&E 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS 
MOLD 
FLASH 
OR 
PROTRUSIONS 
,HALL 
NOT 
EXCEED 
.0lO' 


2 
CONTROLLING 
DIMENSION 
INCH 


3. MEETS 
JEDEC 
MS -001 
AE 


1 
E H 
!dl 


~lA 
e 
H 
A1::f Q 
',0 


NOTES 
I. 
OLE 
DO 
NOT 
INCLUDE 
MOLD 
F"LASH 


2. 
MOLD F"LA$!'l 
OR 
PROTRUSIONS 
NOT 
TO EXCEED .l5Ml"I <'006') 


3. 
CONTROLLING 
O]M[N'iION 
MIll 
IMETER 


" 
MEETS 
JEDE.I 
totS-OI) 
AC 


TrlCH[ 
"[LLlM[T[;~ 


1M IlIN 
MU 
MIN 
"A_ 
Il 
--- 
C uO 
--- 
508 
,11,1001'5 
038 


oJ25 
01'10 
318 
:181 


A3 
(1.0'55 OJ:)QG 140 
0) 
8 
MIl> 
0022041 
0,% 
810,0511 
OGt>5 
127 
160' 
0.008 
Ool; 
021:1 
030 


101'5104'2'5.7826'. 


10.040007010<' 
l711 
0300 
OJ~ 
76Z 
8~6 


Cl 
0.24002110610 
711 
• 
0.100 
ISC 
25. 
ese 
t'''' 
O.Joo 
1St 
762 
Ise 
tB 
--- 
0400 
lOll> 


l 
o.llS 
01~ 
2"2 
Jal 


co 
O' 
15' 
O' 
1'5' 


/ 
, 
/ 
I 


I) 
\I 


-..!/ 
II 
U 
U 
LeA 
C 
.s 


INCHES 
MILLIMETERS 


D/M 
M'N 
MAX 
MIN 
MAX 


A 
0093 
0104 
235 
265 


AI 
0,004 
0012 
010 
0,30 


B 
0014 
0.019 
035 
049 


C 
0009 
0013 
023 
032 


D 
0.496 
0.512 
12.60 
13.00 
. 
00'50 
BSC 
127 
BSC 


[ 
0.291 
0.299 
740 
7.60 


H 
0,394 
0.419 
10.00 
10,6:5 


h 
0,010 
0,030 
0,25 
0,7'5 
L 
0.016 
0,050 
0,<40 
1,27 


a 
O' 
B' 
O' 
8' 


IN6·![ 
MIL.L.lMmB.!. 


01 
MIN 
MAX 
M[N 
MAX 


A 
--- 
0200 
- 
SOS 
· 


0.014 
0.023 
03& 
os. 


bl~ 
.lQ§5 
097 
1&5 


<:. 
0.006 
0.015 
020 
036 


D 
--- 
0.360 
--- 
24.38 


E 
0.220 
0,310 
5.59 
767 


[I 
0.290 
0,320 
737 
613 
· 


0.100 
BSC .,. 
BSO 
, 
0.125 
0,200 
3,18 
5.08 


LI 
0.150 --- 
3.' 
--- 
0 
oms 
0,070 
0,38 
1,78 


S 
--- 
0,09S 
2'9 
51 
0.005 --- 
0.13 
--- 


O' 
". 
O' 
15' 


I 


, 
! 
Jl 
-Iaf- 
C 


L,~ltJXI/~I 


INCHES 
MILLIMETERS 
01 
MIN 
MAX 
MIN 
MAX 


A 
-- 
0.200 
-- 
5.08 
· 


0.014 
0.026 
03. 
0,66 


2 
0.045 
0.065 
\1' 
1.65 


C 
0.008 
oms 
020 
046 


D 
--- 
0.%0 
- - 
24.3 


E 
0.220 
0,310 
559 
7.87 


.A 
0.300 
BSO 
762 
BSC 
· 


0.100 
BSC 
2,54 
BSC 


L 
0.125 
0.200 
318 
5.0S 
0 
oms 
0.070 
038 
1-78 


51 
0.005 
013 
-- 
FI 
LeA 
C 


/,~!tJXI/~I 


INCHES 
M1LLl"'ETERS 


MIN 
MAX 
MIN 
MAX 


A 
01*>0 
0.100 
1.52 
2 .• 


Al 
0,050 
0.088 
1.27 
2.24 


Bl 
0,022 
0.028 
0,56 
0.71 


'3 
0,06 
0.022 
0,15 
0.5 
DI 
0.3~2 
0.358 
8.69 
9.0 


Oil 
200 BSC 
SO 
,SC 


D 
IE2 
0.\00 sse 
2.54 
se 
o 1 3 --- 
0.350 
--- 
9.09 
, 
0.050 Bse 
1.27 SSC 
" 
o. 
--- 
3' 
--- 


h 
40 R F 
10 
REF 
, 
.020 R F 
0.51 REF 


L 
• 
5 
~4 
1.40 


Ll 
O. 
55 
•• 
1.-40 


L 
07 
.095 
'91 
".41 


L3 
0.003 
.015 
0' 
0.38 


NOTES' 
I. CONTROLLING DIMENSION 
INCH 
2 
MEETS 38510 C-2 


INCHES 
MILLIMETERS 
01 
MIN 
MAX 
MIN 
MAX 


A 
--- 
0,200 --- 
S.OB 


b 
O.ol" 
0.023 
036 
0.~8 


bl 
0.038 
0065 
097 
1.65 
c 
0.008 
0.015 
0,20 
0.38 


0 
--- 
1060 
--- 
26,92 


E 
0.220 
0310 
5.59 
7.87 


EI 
0.290 
0,320 
7,37 
8.13 
, 
0.100 
sse 
2.5" 
sse 


L 
0.125 
0.200 
318 
S,08 


Ll 
0.150 --- 
381 
--- 
a 
0.015 
0070 
0.38 
1,78 
S 
--- 
0080 
--- 
2,03 


Sl 
0.005 --- 
0,13 
--- 
'" 
D' 
IS' 
0' 
IS' 


I 


I, , 
Jl 
-{of- 
C 


./,~l'JX 1./111 


NOTES' 
I 
D!.E DO NOT INCLUDE MOLD FLASH 
2 
MOLD FLASH DR PRoTRUSlDNS 
NOT TO 
[XCEEOI5MM 
(006') 


3, CONTROLLING DIMENSION' MILLIMETER 


INCHES 
M 


DIM 
MIN 
MAX 


A 
0.068 
0.078 , 


AI 
0002 
0,008 
( 
B 
0.010 
O.ol5 
( 
e 
0.005 
0,009 , 


D 
0278 
0,289 
-----;: 
. 00256 
BSe 
0 


E 
0, 05 
0.212 , 


H 
0301 
0.311 
7 
L 
0,022 
0.037 
0 
• 
0' 
s' 
0 


L,~l'JXI 


C'ASE 
OUTLINE. 
S 


21-0003 


INCHES 
M1LLI~ 


OIM 
MIN 
MAX 
MIN 


A 
0165 
0180 
4.19 


Al 
0,100 
OHo 
2,54 


A2 
0145 
0.156 
3,68 


A3 
0020 
--- 
0,51 


S 
0013 
0,021 
033 


Sl 
0026 
0,032 
066 
e 
0.009 
oml 
023 


0 
0.385 
0.395 
9,78 


01 
0.350 
0.355 
8.89 


02 
0,290 
0,330 
7.37 


03 
0.200 REF 
5.08 
f 
. 
0050 
REF 
1,27 
F< 


NOTES 
I 
DIMENSION 01 DOES NOT INC 


MOLD FLASH 
DR PROTRUSION 


2. MOLD FLASH 
OR PROTRUSION 


TO EXCEED ,201"11"1(,008')PER 


3. CONTROLLING DIMENSION 
INC 


4 
MEETS JEDEC MO-047AA 


'" 
I1[LlUtCT(P 


~11~ 
". 
HIN 
HollX 
.", --- ". 
"'1 
HI':. 
"" 
'Ii:" 
G12~ "''' 
3\8 
38\ 


ill) 
G~"j "'" .., 
<OJ 
. 
MIl> 
0022 .., "" 
" 
M'!~ .." '" 
16'!: 
, ~ 
0012 '" 
llJO 
, 
1265 
3137 "" 
" 


0050 .." 
IV 
<OJ 
( 
030a 
O:k!5 '" ." 
" 


0.240 "" '" '" 
11-100 
IS: 
2::;4 
J~C 
.. 
0.)(10 
8~C 
762 
II~C 
.. -- 
.... --- 
10.16 
, 
1l.11'5 "" '" ,., 
" 
'" 
" 
'" 
A 


~l 


I 


I 
\ 
I 
\ 


/I 
1\ 


- •• 1/ 
a 
1\ 
U 
U 
IL.A 
C 
l'== .B 


NOTE 
1 
ME 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
DR 
PROTRUSION', 
MOLD 
FLASH 
DR 
PROTRUSION' 
SHALL 
NOT 
EXCEED 
.010" 
2 
CONTROLLING 
DIMENSION 
INCH 
3. MEEL 
JEDEC 
M. 
OUI 
AF 


NOTES, 


1 
0&£ 
DO 
NOT 
INCLUDE 
r-tOLD 
FLA';H 


2, MOLD FLASH 
O~ 
PROTRUSIONS 
NOT 


TO EXCEED 
,\SMf"I 
<006') 


CO".nPULlING 
DIMENSION 
MILLI~ET(P 


MEETS 
JEDEC 
M~-013 AD 


INCHES 
MILLIMETERS 


O1M 
M'N 
MAX 
MIN 
MAX 


A 
0093 
0,104 
235 
2.65 


AI 
0004 
0.012 
010 
030 
f4- 
00\4 
0019 
035 
0.49 


C 
0,009 
0013 
023 
032 


D 
0598 
0614 
1520 
15.60 
. 
0050 
'SC 
127 
'SC 


C 
0291 
0299 
740 
760 


H 
0394 
0419 
1000 
1065 


h 
0010 
0.030 
025 
075 


L 
0,016 
0.050 
0.40 
1.27 


a 
0' 
8' 
0' 
8' 


L.VltJX I/~I 
"''' 


NOTES' 
1 
O&E 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
DR 
PPOTRUSIONS 
MOLD 
FLASH 
DR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
010' 
2 
CONTROLLING 
DIMENSION 
INCH 
3. SIMILIAR 
TO 
JEDEC 
MO-0I5 
AA 


INCHES 
MILLIMETER 


DI 
MIN 
MAX 
MIN 
MAX 


A 
- 
- 
• 
0.014 
3. 
06 
.2 
0.045 
114 


c 
0.008 
O. 18 
020 
04 


0 
--- 
--- 


E 
0,220 
3 
55" 
7.87 
.. 
0.300 
asc 
762 
asc 
. 
0.100 
B 
254 
as 


L 
0,125 
0200 
318 
5.08 
0 
7 
SJ 
IM1GS --- 
on 
--- 


'" 


,Ie . 
" '" ". 
, --- ".. 
,.oe 


" 
0015 
--- 
._- 


" 
0125 
0175 
4,4' 
" 
0055 
00'0 
203 
. 
001" '''''' 
O.!ll 


" 


Q04':> 
'M 
'" 
, 
oooB 
0012 
~ 
, 
12:10 
1270 


" "" 
0"'" 


( 
04'" "" 
~ 
" 


Q,5Z5 
0,"5 
~ 
0100 '" 
" 
.. 04'" 
.SO 
. J~' 
.. --- 
0700 
1711 
, 
0,125 
0150 
318 
J.le 


0' 
,,' 
'" 
,,' 


INCHES 
MILLIMETERS 
0' 
M'N 
MAX 
M'N 
M" 
A 
--- 
0.225 
-- 
572 
• 
0.014 
0.023 
O. 6 
0' 
., 
0.038 
0.06~ 
0.97 
1,6~ 
c 
0.008 
O.QIS 
0.20 
038 
0 
--- 
1290 
--- 
32.77 
£ 
0.500 
0.610 
12,70 
IS49 
£, 
0.590 
0,620 
1499 
15.75 
. 
0.100 
OSC 
2.54 
OSC 
L 
0.120 
O,2tlO 
3.05 
5,08 
LI 
O.i50 
--- 
3.B1 
--- 
a 
0.015 
0.075 
0,38 
1.1 
S 
--- 
0,098 
--- 
2,49 


$I 
0.005 
--- 
0.13 
--- 


" 


0' 
\5' 
0' 
15' 


I 
I 
--i.f- 


INCHES 
MILLIMETERS 


DI 
M'N 
MAX 
M'N 
MAX 


A 
- - 
0,200 
-- 
5,08 
• 
0.01.<1 
0026 
0.36 
0.66 


.2 
0.045 
0.065 
1.1.<1 
1.65 


C 
o,oos 
O.QIS 
0,20 
0,.<16 


D 
--- 
1.2S0 
--- 
32,51 
£ 
0,220 
0310 
559 
7.7 


.A 
0.300 
OSC 
7.62 
OSC 
. 
0.100 
OSC 
2.5. 
OSC 
L 
0.125 
0.200 
3,18 
5.08 
a 
O.QiS 
0.060 
0,38 
L52 
$I 
0.005 
--- 
0.13 
--- 
Fl 
LeA-=t-c 


/,~!tJXI/~I 


"'24L 
eN) 


INCHES 
MILL[METERS 


D,M 
M'N 
MAX 
M'N 
MAX 


A 
0.06B 
0.078 
1.73 
1.99 


A' 
0.002 
o.oOB 
0.05 
0,21 


B 
0.010 
oms 
0,25 
0,3B 
C 
0.005 
0.009 
0.13 
0,22 


D 
027B 
0.32B 
B.07 
833 
· 


0.0256 
Bse 
0.65 
Bse 
E 
0.2 5 
0.212 
5.20 
5.38 


H 
0.301 
'0,311 
7.65 
79 
L 
0.022 
0.037 
0.55 
0.95 
• 
0' 
8' 
O' .' 


NOTES, 
I 
DI.E 
DO NOT 
INCLUDE 
MOLD 
FLASH 


2 
MOLD 
FLASH 
DR 
PROTRUSIONS 
NOT 
TO 
EXCEED 
J5MM <'006') 


3 
CONTROLLING 
DIM[NSlON, 
MILLIMETER 
/~I/JXI/~I 


['ASE 


1NCHES 
MILLIMETERS 
DI 
M'N 
MAX 
M'N 
MAX 


A 
--- 
0200 
--- 
S.08 


• 
om. 
0,023 
0.36 
0.58 
., 
0038 
0.065 
0.97 
165 
c 
0.008 
O.OIS 
0.20 
0.38 
0 
--- 
1.280 
--- 
32,51 
£ 
0.220 
0,310 
5,S9 
7,87 
EI 
0.290 
0,320 
7,37 
9,13 
· 


0100 
osc 
2,54 
osc 


L 
0125 
0200 
318 
5.08 


LI 
0150 
--- 
3,81 
--- 
a 
0.015 
00<0 
038 
i52 


S 
--- 
0098 
--- 
2.49 
$I 
0.005 
--- 
0.13 
--- 


" 


0' 
'5' 
0' 
IS' 


I 


I 
, , 
JL 
-i_I- 
C 


~~!tJXI/~1 


INCHES 
- 


MILLIMETERS 


DIM 
M[N 
MA' 
M[N 
MA' 


A 
0.093 
0,104 
235 
2.65 


A[ 
0.004 
0.012 
0.10 
030 
, 
0,014 
0.019 
0.35 
0,49 


C 
0,009 
0.013 
0,23 
0,32 


D 
0.697 
0.713 
1770 
1810 
, 
0050 
'SC 
[ 27 
'SC 
E 
0.291 
0,299 
740 
7.60 


H 
0.394 
0.419 
10,00 
10.65 


h 
0.010 
0.030 
0.25 
0.75 


L 
0.016 
0.050 
0.40 
1.27 


a 
0- 
8' 
0' 
8- 


NOTES· 


IDLE 
DO 
NOT 
INCLUDE 
MOLD 
rLASH 


2 
MOLD 
rLASH 
DR 
PROTRUSIONS 
NOT 
TO EXtEED 
.15nl"l 
006') 


CONTROLLING 
DIMCNSION, 
MILLIMETER 


MEEl 
JEDEC 101$-013 Il-E 


NOTES, 


L 
DLE 
DO 
NOT 
[NCLUDE 
JoIIOLD FLASH 


2 
MOLD 
rL~SH 
OR 
Pj;'DTRUSIONS 
NOr 
TO 
EXCEED 15n/"l(00(,') 


3 
CONTROLLING 
DIMENSION 
MIlLlJoll[TEP 


h 
x 
45'1~ 
• 


L-Irl 


~VltJX I.JI~I 


28L 


INCHES 
MILLIMETERS 


D[M 
M[N 
MAX 
M[N 
MAX 


A 
0.068 
0.078 
173 
1.99 
AL 0002 
0.008 
0,05 
021 


B 
0.010 
oms 
25 
0,38 


C 
0.005 
0.009 
0,13 
0,22 
D 
0397 
0.407 
10.07 
10,33 
e 
0.0256 
Bse 
0,65 
BSC 
E 
0.205 
0.212 
5,20 
5.36 


H 
0301 
0.311 
7,65 
79 
L 
0.022 
0.037 
055 
095 


a 
0' 
B- 
0- 
B- 


.JI,VltJ X I.JI~I 


C'ASE 


INCHES 
MILLIMETERS 


O[ 
M[N 
MA' 
MI!>! 
MA' 


A 
-- 
5 --- 
572 
D 


• 
0,014 
0 
36 
066 
.2 
0045 
0065 
I" 
1,65 
c 
0,008 
0 
020 
O' 
0 
--- 
1290 
--- 
32.77 


E 
0500 
06[0 
1270 
15,49 


,A 
0,600 
'SC 
15.24 
'SC 
, 
0100 
BSC 
2.54 
BSC 


L 
0120 
0,200 
3.05 
15,08 
0 
oms 
0075 
038 
191 


SI 
0.005 --- 
013 
--- 


I. 


I 
D 
I 
~- 
E 


~J 


I 
I 
0 
, 
, 
L 


$1 
102 
•• e 
0.1 
-----=f- 
c 
b 
eA 


LVltJ 
X 1.JI1f1 


~l 
~3 


I-e-J 
BI 
• 


NOTES, 


I 
D&E 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS 
MOLD 
FLASH 
OR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
.010' 
2. CONTROLLING 
DIMENSION 
INCH 
3. SIMILIAR 
TO 
JEDEC 
Mo-015 
AL 


24L 
SIDE BRAZE 
OUTLINE 


, 
1-21-0341 
I. / 


'" 
MILL! , 


'" "'" 
~, "'" 
~, 
... 
0200 ... ,.. 


" 
OOI~ 
". 


.. 


" 
Ol"~ 
0.175 '" 


•• 
5 
" 
1I05!! 
00110 .., ,., 
· 


lIot' .". ." ." 
" 


OO.!! 
0,065 ,,. 
U.5 


C .... 
0-012 
02' ." 
· 


,n. 
1.7D 
36.J2 
J7J. 
" .'" 
0.090 
1.27 '" 
, ."..'" 
15." • 
1588 


" ."', 
0,57~ 
IJ.J. 
H'l 
.". 
osc ,.. 
osc 
.. 06,. 
ISC "" 
ISC 
.. --. 
.'00 
--. 
1778 
, 
O,l~ .,.. 
318 
3.81 
· .' 
,,- .' 
,,- 


INCHES 
MILLIMETERS 


DI 
MIN 
MAX 
MIN 
MAX 


A 
--- 
0,232 
--- 
5.89 


b 
0014 
0,023 
0.36 
0,~8 


bl 
0.038 
0.065 
0.97 
1.65 
, 
o,ooa 
oms 
0.20 
0.38 
, --- 
1.490 
--- 
37.85 
[ 
0.500 
0,611) 
12.70 
1549 


[I 
05~0 
06211 
14.93 
1575 
. 
0100 
,SC 
2.54 
BSC 


L 
0125 
0,200 
3.18 
5,08 


L1 
0150 
--- 
).81 
--- 


D 
0.015 
0060 
0.38 
\.52 
S 
--- 
DIDO 
--- 
2.54 


St 
0.005 
--- 
0.13 
--- 


D' 
\5' 
D' 
\5' 


INCH£S 
MILLIMETERS 


DI 
M[N 
MAX 
M[N 
MAX 


A 
--- 
0232 
--- 
589 
D 


b 
0.014 
0.026 
0.36 
0,66 


b2 
0.045 
0,065 
1.14 
1.65 
, 
0.008 
0.018 
0.20 
0.46 
, --- 
}.490 
--- 
37,85 


[ 
0.500 
0.610 
12.70 
15.49 


.A 
0.600 
sse 
15.24 
sse 
. 
O.lOl> 
sse 
2.54 
sse 


L 
0.125 
0,200 
3.18 
5.08 
D 
0.QI5 
0060 
038 
1.52 
St 
-- 
-- 
--- 
--- 


h 
I( 
45' 


3 
PLACES 


28L 
SIZE BRAZE 
OUTLINE 
_... 
(l> 21-0345 
I-A1/ 


INCHES 
MIL 


DIM 
MIN 
MAX 
M" 


A 
0,165 
0.180 " 
AI 
0100 
D,llD 
2.~ 


A2 
0.1-45 
0.156 
3.' 


A3 
0.020 
--- 
O~ 
, 
0013 
0.021 
03 


B1 
0,026 
0.032 
0,61 


C 
0,009 
0,011 
'2 


D 
0,485 
0-"95 
12.~ 


DI 
0450 
0.455 
11.. 


D2 
0.390 
0.430 
9" 


D3 
0,300 
REf 
7. 
. 
0.1>50 
REF" 
1.2 


N[]TES 


I. 
DIMENSION 
01 
DOES 
NOT 


MOLD 
FLASH 
OR 
PROTRU~ 


2 
MOLD 
fLASH 
OR 
PROTRUS. 


TO 
EXCEED 
.20MM(OOB·) 
f 


3. 
CONTROLLING 
DIMENSION, 


-4 
MEETS 
JEDEe 
MO-047AB 


INCHES 
MfLLI~ 


MIN 
MA' 
MIN 


A 
0.060 
0.100 
1.52 


AI 
o.o~o 
0.OB8 
127 


B1 
0.022 
0.028 
0,56 


'3 
0.006 
0.022 
015 


DIE 
0.442 
0.460 
1123 


01/£1 
0,300 
Bse 
76, 


D2/E2 
0.1'50 
sse 
38 


03/E3 
--- 
0.460 
--- 
. 
0,050 
sse 
1.2 


e1 
0.0l5 
--- 
0.38 
h 
0.040 
REF 
1,0, 


0020 
REF 
OS 


L 
0.045 
0,055 
1.!4 


LI 
0.045 
0,055 
1,}4 


L2 
0-075 
0,095 
191 


L3 
0003 
0015 
008 


NOTES 


1 <.;ONTROLLING 
DlMENSlQN' 
INCI- 


2, 
MEETS 
38SlO 
C-4 


..I,VltJ X I~ 


28L 
LCC 
OUTLI 
21-4497 


~He! 
MILLIMeTERS 
DI 
MIN 
MAX 
HIN 
HAX 
A 
--- 
0.225 
--- 
5,72 
b 
0014 
00.?3 
0.36 
058 


bI 
0038 
0065 
0.97 
165 
c 
0.008 
0.01~ 
0.20 
0,38 


D 
--- 
2.0')6 
--- 
53.24 


E 
o.slO 
0.620 
12.')5 
15.7~ 


EI 
0.5')0 
0.630 
14.')'3 
16.00 
. 
0,100 
ase 
2,54 
ase 


L 
0,125 
0,200 
3.18 
5,08 
LI 
0.150 
--- 
3.81 
--- 


D 
0.01~ 
0.070 
0.38 
178 
S 
--- 
0,098 
--- 
24') 


" 


0,005 
--- 
0.13 
--- 
O' 
IS' 
O' 
IS' 


FH9 


1 


D~'u 
~' 


bl 
' 
! 
Jl 
b 
-{of- 
C 


/,~l'JXI/~I 


~ 


I 
I 
Q 
, 
, 
l 


-0- 


INCH£S 
MILLIMeTERS 


01 
HIN 
HA' 
HIN 
HA' 


A 
--- 
0,225 
--- 
572 


b 
0,014 
0.026 
036 
0.66 
b2 
0.O4~ 
0065 
1.14 
1.65 
c 
0.008 
0018 
0.20 
0.46 


D 
--- 
2096 
--- 
53,24 


E 
0,510 
0.620 
12,95 
15.75 


eA 
0600 
ase 
1524 
ase 
. 
0100 
ase 
2.54 
ase 


L 
0.125 
0.200 
3.18 
5,08 


D 
0,015 
0.070 
0,38 
1.78 


" 


0.005 --- 
0.13 
--- 
El 


E H 


~ 


INCHES 
M!LLlMETERS 


DIH 
H'N 
HAX 
HIN 
MAX 


A 
.075 
083 
1.90 
2.10 


AI 
0002 
0.008 
0,05 
0,21 
B 
0.014 
O. 19 
035 
0,49 
e 
0009 
om3 
023 
032 


D 
0.531 
0.551 
13.50 
14,00 
. 0.031 
Bse 
0.80 
BSC 


E 
0.209 
0.216 
5.30 
55 


H 
0.301 
0,311 
7.65 
79 


L 
0.022 
0,037 
0.55 
0,95 


D 
O' 
B' 
O' 
B' 


NOTes, 
I 
DBoE DO 
NOT 
INCLUDE 
MOLD 
FLASH 


2 
MOLD 
FLASH 
DR 
PROTRUSIONS 
NOT 
TO 
EXCEED 
.15,.,,., 
(,006') 


3, 
CONTROLLING 
DIMENSION, 
MllLlM(TeR 


~ 


D 


TI 


A 
A2~t 
! 
! 


"-0-1 


NOTES· 
I 
D~E 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS 
MOLD 
FLASH 
OR 
PROTRUSIONS 
SHALL 
NOT 
EXCEED 
.0lO' 
2. CONTROLLING 
DIMENSION. 
INCH 
3. SIMILAR 
TO 
JEDEC 
MO-OIS 
AM 


/,~!'JXI/~I 


32L 


, 
,"" 
"11.L!i'l[T[S 
.'1' ... 
"IN 
HAX 
· 


--- 
0.200 
--- 
00 
" " 
--- 
., 
--- 
0125 
0175 
3.18 ." 
· 


GO" 
0080 
\.40 '" 
· 


0016 
0020 
O.~I 
" 
" 


OO~5 
006S 
lH 
16' 
, ".. 
DOli? 
02. '" 
, "" 


2.075 
51 ~4 
~71 
" ."" 
00 ••0 '" '" 
0600 
0,625 
1524 
1'.8' 
" .." 
0.575 
1334 
14'1 


"'" '" 


254 
'" 
.. 0••• ." 
I5.Z4 '" 
.. --- 
0.700 
--- 
17.71 


C 
0120 
O.I:lO 
3-05 
3,111 
· 


0' 
'" 
0' 
'" 


I 
I 
II 
II 


U 
u 


II 
~~~ 
/,~!'JXI/~I 


111 


DI D 


I 


~D3_ 


DI 


D 


INCHES 
MILLIMETERS 


DIM MIN 
MAX 
MIN 
MAX 


A 
0165 
0.180 
419 
4.57 


Al 
0\00 
0.110 
2.54 
2.79 


A2 
0.1'15 
Q.l56 
3.68 
396 


A3 
0.020 
--- 
0,51 
--- 


0 
0-013 
0021 
0.33 
OS3 


01 
0.026 
0032 
0.66 
081 


C 
0009 
a.Oll 
023 
0.28 


D 
0,695 
0,69'5 
17.40 
17.65 


DI 
0650 
.655 
16.51 
16.6<1 


D2 
0.590 
0,630 
1'199 
1600 


D3 !J.soa 
REF 
1~.70 REF 
. 0050 
REF 
127 
REF 


NOTES' 
1 
DIMENSION 
01 
DOES 
NOT 
INCLUDE 


MOLD 
FLASH 
DR 
PROTRUSIONS 


2. MOLD FLASH DR PROTRUSIONS NOT 
TO EXCEED .201"ll"lCOOS')PER SIDE 


3. 
CONTROLLING 
DtMENSION' 
INCH 


" 
MEETS 
JEDEC 
MO-47AC 


Edition Key: 
93 NR Vol. II -1993 
New Releases 
Data Book, Vol. II 


92NR 
Vol. I -1992 New Releases 
Data Book, Vol. I 
OS-Individual 
Data Sheet 


Alpha Numeric Index 


PART # 
os 
1992 NR 
93NR 
PART # 
os 
1992 NR 
93NR 


Vall 
Valli 
Vall 
Valli 


AOC0820 


"" 
OG506 
"" 


AM6012 
"" 
OG506A 
"" 


BB3553 
"" 
OG507 
"" 


BB3554 


"" 
OG507A 


"" 


OAC80 


"" 
OG508A 


"" 


OAC8212 


"" 
OG509A 
"" 


OG200A 


"" 
OG526 
"" 


OG201A 
"" 
OG527 


"" 
OG202 
"" 
OG528 


"" 


OG211 
"" 
OG529 


"" 


OG212 
"" 
OGM181 


"" 


OG300A 
"" 
OGM182 


"" 


OG301A 


"" 
EL2004 


"" 


OG302A 


"" 
EL2005 


"" 
OG303A 


"" 
HI-201 


"" 
OG304A 


"" 
HI-201HS 


"" 


0G305A 


"" 
HI-508 


"" 
OG306A 
"" 
HI-508A 


"" 


OG307A 


"" 
HI-509 


"" 


OG308 
"" 
HI-509A 


"" 


OG308A 


"" 
HI-674 


"" 


OG309 


"" 
ICL7106 
"" 


OG381A 


"" 
ICL7107 


"" 


OG384A 


"" 
ICL7109 


"" 
OG387A 


"" 
ICL7116 


"" 
OG390A 


"" 
ICL7117 


"" 


OG401 
""0 
ICL7126 


"" 
OG403 
""0 
ICL7129A 


"" 
OG405 
""0 
ICL7135 


"" 
OG406 
""0 
ICL7136 


"" 
OG407 
""0 
ICL7137 


"" 


OG408 
""0 
ICL7611 


"" 


OG409 
""0 
ICL7612 


"" 
OG411 


"" 
ICL7614 


"" 
OG412 


"" 
ICL7616 


"" 
OG413 


"" 
ICL7621 


"" 
OG417 
""0 
ICL7622 


"" 
OG418 
""0 
ICL7631 


"" 
OG419 
""0 
ICL7632 


"" 


OG421 
""0 
ICL7641 


"" 
OG423 
""0 
ICL7642 


"" 
OG425 
""0 
ICL7650B 
"" 
OG441 


"" 
ICL7652B 


"" 
OG442 


"" 
ICL7660 
""0 
OG444 


"" 
ICL7662 


"" 


OG445 


"" 
ICL7663 


"" 


° Advance Information 


AIIIAXIAlil 
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- --- _ ......... ~ 


Alpha Numeric Index 


PART # 
os 
1992 NR 
93 NR 
PART # 
os 
1992 NR 
93NR 


Vol I 
Vol II 
Vol I 
Vol II 


ICL7664 
1/ 
IH5352 
1/ 


ICL7665 
1/ 
IH6108 
1/ 


ICL7667 
1/ 
IH6116 
1/ 


ICL8069 
1/ 
IH6208 
1/ 


ICM7211 
1/ 
IH6216 
1/ 


ICM7211A 
1/ 
LHOO33A 
1/ 


ICM7211AM 
1/ 
LHOO63 
1/ 


ICM7211M 
1/ 
LH0101 
1/ 


ICM7212 
1/ 
LT1001 
1/ 


ICM7212A 
1/ 
LT1019 
1/ 


ICM7212AM 
1/ 
LT1021 
1/ 


ICM7212M 
1/ 
LT1028 
1/ 


ICM7217 
1/ 
LT1031 
1/ 


ICM7218 
1/ 
LTC1062 
ICM7224 
1/ 
MAX038 
1/' 


ICM7225 
1/ 
MAX1000 
1/ 


ICM7228 
1/ 
MAX1025 
1/ 


ICM7240 
1/ 
MAX1044 
1/' 


ICM7242 
1/ 
MAX1074 
1/ 


ICM7250 
1/ 
MAX120 
1/' 


ICM7260 
1/ 
MAX120EVKil 
1/ 


ICM7555 
1/ 
MAX121 
1/' 


ICM7556 
1/ 
MAX122 
1/' 


IH5040 
1/ 
MAX123 
IH5041 
1/ 
MAX1232 
1/ 
IH5042 
1/ 
MAX1259 
1/ 


IH5043 
1/ 
MAX1260 
1/ 


IH5044 
1/ 
MAX130 
1/ 


IH5045 
1/ 
MAX130A 
1/ 


IH5047 
1/ 
MAX131 
1/ 


IH5047A 
1/ 
MAX131A 
1/ 


IH5048 
1/ 
MAX132 
IH5048A 
1/ 
MAX 132EVKil 
1/ 


IH5049 
1/ 
MAX133 
1/ 


IH5050 
1/ 
MAX134 
1/ 


IH5051 
1/ 
MAX135 
1/ 
IH5108 
1/ 
MAX136 
1/ 


IH5140 
1/ 
MAX138 
1/ 


IH5141 
1/ 
MAX139 
1/ 


IH5142 
1/ 
MAX140 
1/ 


IH5143 
1/ 
MAX141 
1/ 


IH5144 
1/ 
MAX142 
1/ 


IH5145 
1/ 
MAX143 
1/ 


IH5148 
1/ 
MAX150 
1/ 


IH5208 
1/ 
MAX151 
1/ 


IH5341 
1/ 
MAX152 
1/ 


• Advance Information 
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Index 
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Edition Key: 
93 NR Vol. II -1993 
New Releases 
Data Book, Vol. II 
92NR 
Vol. 1-1992 New Releases 
Data Book, Vol. 


DS-Individual 
Data Sheet 


Alpha Numeric Index 


PART # 
os 
1992 NR 
93NR 
PART # 
os 
1992 NR 
93NR 


Vol I 
Vol II 
Vol I 
Vol II 


MAX153 
.,I' 
MAX206 
.,I' 


MAX154 
.,I 
MAX207 
.,I' 


MAX155 
.,I 
MAX208 
.,I' 


MAX 155EVKit 
.,I 
MAX210 
.,I' 


MAX156 
.,I 
MAX211 
.,I' 


MAX158 
.,I 
MAX220 
.,I 
.,I 


MAX160 
.,I 
MAX222 
.,I 
.,I 


MAX161 
.,I 
MAX223 
.,I 


MAX162 
.,I 
MAX230 
.,I 
.,I 


MAX163 
.,I 
MAX230/234 


MAX164 
.,I 
MAX231 
.,I 
.,I 


MAX165 
.,I 
MAX232 
.,I 
.,I 


MAX166 
.,I 
MAX232A 
.,I 
.,I 


MAX167 
.,I 
MAX233 
.,I 
.,I 


MAX168 
.,I' 
MAX233A 
.,I 
.,I 


MAX170 
MAX234 
.,I 
.,I 


MAX171 
.,I 
MAX235 
.,I 
.,I 


MAX172 
.,I 
MAX236 
.,I 
.,I 


MAX173 
.,I 
MAX237 
.,I 
.,I 


MAX174 
.,I 
MAX238 
.,I 
.,I 


MAX1743 
.,I 
MAX239 
.,I 
.,I 


MAX176 
.,I' 
MAX240 
.,I 
.,I 


MAX176EVKit 
.,I 
MAX241 
.,I 
.,I 


MAX177 
.,I 
MAX242 
.,I 
.,I 


MAX178 
.,I 
MAX243 
.,I 
.,I 


MAX179 
.,I 
MAX244 
.,I 
.,I 


MAX180 
.,I 
MAX245 
.,I 
.,I 


MAX180EVKit 
.,I 
MAX246 
.,I 
.,I 


MAX181 
.,I 
MAX247 
.,I 
.,I 


MAX182 
.,I 
MAX248 
.,I 
.,I 


MAX183 
.,I 
MAX249 
.,I 
.,I 


MAX184 
.,I 
MAX250 
.,I 


MAX185 
.,I 
MAX251 
.,I 


MAX186 
.,I' 
MAX252 
.,I 


MAX187 
.,I. 
MAX260 
.,I 


MAX188 
.,I' 
MAX261 
.,I 


MAX190 
.,I 
MAX262 
.,I 


MAX 190EVKit 
MAX263 
.,I 


MAX191 
.,I' 
MAX264 
.,I 


MAX195 
.,I' 
MAX265 
.,I 


MAX200 
.,I' 
MAX266 
.,I 


MAX201 
MAX267 
.,I 


MAX202 
.,I' 
MAX268 
.,I 


MAX203 
.,I' 
MAX270 
.,I 


MAX204 
.,I' 
MAX271 
.,I 


MAX205 
.,I' 
MAX274 
.,I 
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Edition Key: 
93 NR Vol. II -1993 
New Releases 
Data Book, Vol. II 


92NR 
Vol. I -1992 New Releases 
Data Book, Vol. 


DS-Individual 
Data Sheet 


Alpha Numeric Index 


PART # 
os 
1992 NR 
93 NR 
PART # 
os 
1992 NR 
93NR 


Vol I 
Vol II 
Vol I 
Vol II 


MAX274EVKit 
II' 
II' 
MAX381 
II' 


MAX274/5Soft 
II' 
II' 
MAX382 
II' 


MAX275 
II' 
MAX383 
II' 


MAX280 
II' 
MAX388 
II' 


MAX281 
II' 
MAX389 
II' 


MAX282 
II' 
MAX390 
II' 


MAX283 
II' 
MAX391 
II' 


MAX284 
II' 
MAX392 
II' 


MAX290 
II' 
MAX400 
II' 


MAX291 
II' 
MAX401 
II' 


MAX292 
II' 
MAX402 
II' 


MAX293 
II' 
MAX403 
II' 


MAX294 
II' 
MAX404 


MAX295 
II' 
MAX405 
II' 


MAX296 
II' 
MAX406 
II' 


MAX297 
II' 
MAX407 
II' 


MAX310 
II' 
MAX408 
II' 


MAX311 
II' 
MAX409 
11" 


MAX312 
II' 
MAX410 
11" 


MAX313 
II' 
MAX412 
II' 


MAX319 
II' 
MAX414 
11" 


MAX320 
II' 
MAX4193 
MAX3211 
II' 
MAX420 
II' 


MAX322 
II' 
MAX421 
II' 


MAX323 
II' 
MAX422 
II' 


MAX324 
II' 
MAX423 
II' 


MAX325 
II' 
MAX424 
II' 


MAX326 
II' 
MAX425 
II' 


MAX327 
II' 
MAX426 
II' 


MAX328 
II' 
MAX427 
II' 


MAX329 
II' 
MAX428 
II' 


MAX331 
II' 
MAX429 
II' 


MAX332 
II' 
MAX430 
II' 


MAX333 
II' 
MAX431 
II' 


MAX334 
II' 
MAX432 
II' 


MAX341 
II' 
MAX435 
11" 


MAX343 
II' 
MAX436 
11" 


MAX345 
II' 
MAX438 
11" 


MAX348 
II' 
MAX439 
11" 


MAX358 
II' 
MAX4391 


MAX359 
II' 
MAX440 
II' 


MAX368 
II' 
MAX441 
II' 


MAX369 
II' 
MAX442 
II' 


MAX378 
II' 
MAX4426 
II' 


MAX379 
II' 
MAX4427 
II' 


MAX380 
MAX4428 
II' 


'Advance 
Information 
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Edition Key: 
93 NR Vol. II -1993 
New Releases 
Data Book, Vol. II 


92NR 
Vol. I -1992 New Releases 
Data Book, Vol. I 


DS-Individual 
Data Sheet 
Alpha Numeric Index 


PART # 
os 
1992 NR 
93NR 
PART # 
os 
1992 NR 
93 NR 
Vol I 
Vol II 
Vol I 
Vol II 
MAX448 
tI' 
MAX617 
tI' 


MAX450 
tI' 
MAX620 
tI' 


MAX451 
tI' 
MAX621 
tI' 


MAX452 
tI' 
MAX622 
tI' 


MAX453 
tI' 
MAX623 
tI' 


MAX454 
tI' 
MAX625 
MAX455 
tI' 
MAX626 
tI' 


MAX456 
MAX627 
tI' 


MAX457 
tI' 
MAX628 
tI' 


MAX460 
tI' 
MAX630/4193 
tI' 


MAX480 
tI' 
MAX631 
tI' 


MAX482 
tI' 
MAX632 
tI' 


MAX484 
tI' 
MAX633 
tI' 


MAX485 
tI' 
MAX634/4391 
tI' 


MAX486 
tI' 
MAX635 
tI' 


MAX492 
tI' 
MAX636 
tI' 


MAX494 
tI' 
MAX637 
tI' 


MAX500 
MAX638 
tI' 


MAX501 
tI' 
MAX639 
MAX502 
tI' 
MAX639EVKit 
MAX505 
tI' 
MAX641 
tI' 


MAX506 
tI' 
MAX642 
tI' 


MAX507 
tI' 
MAX643 
tI' 


MAX508 
tI' 
MAX644 
tI' 


MAX512 
MAX645 
tI' 


MAX514 
tI' 
MAX646 
tI' 


MAX516 
tI' 
MAX647 
tI' 


MAX526 
tI' 
MAX648 
tI' 


MAX527 
tI' 
MAX649 
tI' 


MAX528 
tI' 
MAX650 
tI' 


MAX529 
tI' 
MAX651 
tI' 


MAX530 
tI' 
MAX654 
tI' 


MAX531 
tI' 
MAX655 
tI' 


MAX532 
tI" 
MAX656 
tI' 


MAX543 
MAX657 
tI' 


MAX550 
MAX658 
tI' 


MAX560 
tI' 
MAX659 
MAX561 
tI' 
MAX660 
tI' 
MAX600 
tI' 
MAX661 
tI" 
MAX601 
tI' 
MAX662 
MAX602 
tI' 
MAX663 
tI' 
MAX610 
tI' 
MAX664 
tI' 
MAX611 
tI' 
MAX665 
MAX612 
tI' 
MAX666 
tI' 


MAX615 
tI' 
MAX667 
tI' 
MAX616 
tI' 
MAX670 
, Advance Information 
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l 


Alpha Numeric Index 


PART # 
os 
1992 NR 
93 NR 
PART # 
os 
1992 NR 
93NR 


Vall 
Valli 
Vall 
Valli 


MAX671 
t/ 
MAX721 
t/* 


MAX672 
t/ 
MAX7217 
t/ 


MAX673 
t/ 
MAX7219 
MAX674 
t/ 
MAX722 
t/ 


MAX675 
t/ 
MAX722EVKit 
t/ 


MAX676 
t/ 
MAX7220 
t/ 


MAX677 
t/ 
MAX723 
t/ 


MAX678 
t/ 
MAX7231/A/B/C/D 
t/ 


MAX680 
t/ 
MAX7232/NB/C/D 
t/ 


MAX681 
t/ 
MAX7233/NB 
t/ 


MAX681B 
MAX7234/NB 
t/ 


MAX690 
t/ 
MAX724 
t/* 


MAX690A 
t/ 
MAX726 
t/* 


MAX691 
t/ 
MAX727 
t/* 


MAX691A 
t/* 
MAX728 
t/* 


MAX692 
t/ 
MAX729 
t/* 


MAX692A 
t/ 
MAX730 
t/ 


MAX693 
t/ 
MAX731 
t/ 


MAX693A 
t/* 
MAX731 EVKit 
t/ 


MAX694 
t/ 
MAX732 
t/ 


MAX695 
t/ 
MAX732EVKit 
t/ 
t/ 


MAX696 
t/ 
MAX733 
t/ 


MAX697 
t/ 
MAX734 
t/* 


MAX698 
t/ 
MAX735 
t/ 


MAX699 
t/ 
MAX735EVKit 
t/ 


MAX700 
t/ 
MAX736 
t/ 


MAX701 
t/ 
MAX736EVKit 
t/ 


MAX702 
t/ 
MAX737 
t/ 


MAX703 
t/* 
MAX738 
t/ 


MAX704 
t/* 
MAX738EVKit 
t/ 


MAX705 
t/ 
MAX739 
t/ 


MAX706 
t/ 
MAX739EVKit 
t/ 


MAX707 
t/ 
MAX740 
t/ 


MAX708 
t/ 
MAX741 
t/* 


MAX712 
t/* 
MAX742 
t/ 


MAX7129 
MAX743 
t/ 


MAX713 
t/* 
MAX743EVKit 
t/ 


MAX714 
t/ 
MAX744 
t/ 


MAX715 
t/ 
MAX750 
t/ 


MAX716 
t/ 
MAX751 
t/* 


MAX716EVKit 
MAX752 
t/ 


MAX717 
t/* 
MAX752EVKit 
t/ 


MAX718 
t/* 
MAX755 
t/* 


MAX718EVKit 
MAX758 
t/ 


MAX719 
t/* 
MAX758EVKit 
MAX720 
t/* 
MAX759 
t/ 


* Advance Information 
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AI'IAXIAI'I 


Edition Key: 
93 NR Vol. II -1993 
New Releases 
Data Book, Vol. II 


92NR 
Vol. I -1992 New Releases 
Data Book, Vol. 


OS-Individual 
Data Sheet 


Alpha Numeric Index 


PART # 
os 
1992 NR 
93 NR 
PART # 
os 
1992 NR 
93NR 
Vall 
Valli 
Vall 
Valli 
MAX760 
V' 
MX2710 
V' 


MAX761 
V' 
MX390 
V' 


MAX762 
V' 
MX3554 
V' 


MAX7624 
V' 
MX536A 
V' 


MAX764 
V' 
MX565A 
V' 


MAX7645 
V' 
MX566A 
V' 


MAX765 
V' 
MX574 
V' 


MAX766 
V' 
MX574A 
MAX770 
V' 
MX578 
V' 


MAX771 
V' 
MX580 
V' 


MAX772 
V' 
MX581 
V' 


MAX773 
V' 
MX584 
V' 


MAX774 
V' 
MX586 
V' 


MAX775 
V' 
MX587 
V' 


MAX776 
V' 
MX588 
V' 


MAX7821 
V' 
MX590 
V' 


MAX790 
MX592 
V' 


MAX791 
11" 
MX594 
V' 


MAX8211 
V' 
MX595 
V' 


MAX8212 
V' 
MX596 
V' 


MAX872 
V' 
MX597 
V' 


MAX873 
11" 
MX636 
V' 


MAX874 
11" 
MX650 
V' 


MAX900 
V' 
MX667 
V' 


MAX901 
V' 
MX674A 
MAX902 
V' 
MX767 
V' 


MAX903 
V' 
MX7224 
V' 


MAX905 
V' 
MX7225 
V' 


MAX906 
V' 
MX7226 
V' 


MAX907 
11" 
MX7228 
V' 
MAX910 
V' 
MX7245 
V' 
MAX911 
V' 
MX7248 
V' 
MAX912 
V' 
MX7501 
V' 


MAX913 
V' 
MX7502 
V' 


MAX9685 
V' 
MX7503 
V' 


MAX9686 
V' 
MX7506 
V' 


MAX9687 
V' 
MX7507 
V' 


MAX9690 
V' 
MX7510 
V' 


MAX9698 
V' 
MX7511 
V' 


MAXCOO1 
V' 
MX7512 
V' 
MAXLOO1 
V' 
MX7520 
V' 


MF10 
V' 
MX7521 
V' 


MM74C945 
V' 
MX7523 
V' 


MM74C947 
V' 
MX7524 
V' 


MX2700 
V' 
MX7528 
V' 


MX2701 
V' 
MX7530 
V' 


• Advance Information 
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Edition Key: 
93 NR Vol. II -1993 
New Releases 
Data Book, Vol. II 


92NR 
Vol. 1-1992 New Releases 
Data Book, Vol. I 
OS-Individual 
Data Sheet 
_____________ 
Alpha Numeric Index 


PART # 
os 
1992 NR 
93 NR 
PART # 
Vall 
Valli 


MX7531 
'" 
TSC427 
MX7533 
'" 
TSC428 
MX7534 
'" 
TSC800 
MX7535 
'" 
VFC32 
MX7536 
'" 
MX7537 
'" 
MX7538 
'" 
MX7541 
'" 
MX7541A 
'" 
MX7542 
'" 
MX7543 
'" 
MX7545 
'" 
MX7545A 
'" 
MX7547 
'" 
MX7548 
'" 
MX7549 
'" 
MX7569 
'" 
MX7572 
MX7574 
'" 
MX7575 
'" 
MX7576 
'" 
MX7578 
'" 
MX7581 
'" 
MX7582 
'" 
MX7628 
'" 
MX7672 
'" 
MX7820 
'" 
MX7821 
MX7824 
'" 
MX7828 
'" 
MX7837 
'" 
MX7845 
'" 
MX7846 
'" 
MX7847 
'" 
MX9500 
'" 
OP07 
'" 
OP27 
'" 
OP37 
'" 
OP90 
'" 
OP290 
'" 
OP490 
'" 
PGA100 
'" 
REF01 
'" 
REF02 
'" 
Si7661 
'" 
TSC426 
v' 


• Advance 
Information 


81ndBX 


1992 NR 
Vall 
93NR 
Valli 


